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Signetics reserves the right to make changes, without notice, in the products, including 
circuits, standard cells, and/or software, described or contained herein in order to improve 
design and/or performance. Signetics assumes no responsibility or liability for the use of 
any of these products, conveys no license or title under any patent, copyright, ormask work 
right to these products, and makes no representations or warranties that these products 
are free from patent, copyright, or mask work right infringement, unless otherwise speci- 
fied. Applications that are described herein for any of these products are for illustrative 
purposes only. Signetics makes no representation or warranty that such applications will 
be suitable for the specified use without further testing or modification. 


LIFE SUPPORT APPLICATIONS 

Signetics Products are not designed for use in life support appliances, devices, or systems 
where malfunction of a Signetics Product can reasonably be expected to result in a person- 
al injury. Signetics customers using or selling Signetics’ Products for use in such applica- 
tions do so at their own risk and agree to fully indemnify Signetics for any damages result- 
ing from such improper use or sale. 


Signetics registers eligible circuits under 
the Semiconductor Chip Protection Act. 


© Copyright 1989 NAPC 


All rights reserved. 
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Preface 


Signetics, since 1961, has been dedicated to manufacturing integrated cir- 
cuits to the stringent requirements of the Defense and Aerospace Indus- 
tries. Today, the commitment to this charter is evidenced by our continuing 
efforts to offer state-of-the-art processes and product technologies which 
result in unequalled overall product reliability. 


As further evidence of the Signetics commitmentto serve the specific needs 
of the Military and Aerospace marketplaces, all of the Signetics fabrication 
facilities are JAN certified. We also maintain a separate marketing and man- 
ufacturing organization dedicated to servicing the special needs of the De- 
fense and Aerospace community. 


Our mission is one of total customer satisfaction by providing industry lead- 
ing products and uncompromised quality and responsiveness. 
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Data Sheet 


Identification Product Status Definition 


This data sheet contains the design target or goal 
Objective Specification Formative or In Design specifications for product development. Specifications may 
change in any manner without notice. 


This data sheet contains preliminary data and 
supplementary data will be published at a later date. 

Preliminary Specification Preproduction Product Signetics reserves the right to make changes at any time 
without notice in order to improve design and supply the best 
possible product. 


This data sheet contains Final Specifications. Signetics 
reserves the right to make changes at any time without notice 
in order to improve design and supply the best possible 
product. 


Product Specification Full Production 
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SIGNETICS MILITARY PRODUCT 


QUALITY 


Signetics Quality leadership begins with the In- 
dustry's first zero defect warranty. Ifa single de- 
fect is found in any lot that we ship, the entire lot 
may be sent back to the factory. 


Since 1984, Signetics has adopted zero accept 
sampling plans in electrical, mechanical, and 
hermetic acceptance testing. Zero accept lot 
acceptance rates are typically 99.5% with any 
lot in which a defect is found being rescreened 
or scrapped. 


The Department of Defense has issued con- 
tractor/vendor correlated quality objectives of 
less than 100 ppm by 1990. Signetics Esti- 
mated Process Quality (EPQ) in 1987 and 1988 
was well under 100 ppm. 


SIGNETICS PPM PROGRAM 


Signetics offers a unique PPM Program to all 
customers who are willing to commit resources 
to defect reduction. The program contains five 
basic steps: 


1) The customer assigns an engineering 
contact to work defect analysis with a Sig- 
netics Quality Assurance Engineer (QAE). 


2) Measurements are established at the cus- 
tomer's facility summarizing inspection 
data by product, test quantity and reported 
defects. 


Each month this data is analyzed, com- 
pared to Signetics data, and a Parieto 
Analysis is generated to identify the top 10 
suspect device types measured in ppm by 
Signetics QAE. 


The customer agrees to send all defects 
found of these device types to the Signet- 
ics Assigned QAE regardless of lot dispo- 
sitioning. (If the entire lot is returned, the 
defects remain segregated with the lot.) 
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Signetics will retest each and every re- 
ported defect and, if invalid, will return the 
devices to the customer's contact with 
complete variables data to substantiate 
the invalidation. If valid, Signetics will im- 
plement corrective action. 


This process iteration continues until corrective 
action is complete. The next 10 suspect de- 
vices are then determined and the process is 
repeated until the overall customer ppm mea- 
surement agrees with Signetics data. 
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SIGNETICS SHIP-TO-STOCK 
(STS) PROGRAM 


Customers who have demonstrated the effec- 
tiveness of the PPM program may choose to re- 
duce incoming inspection sampling, implement 
skip-lot sampling, or discontinue inspection 
completely. Signetics offers a proven STS pro- 
gram which provides for mutually agreeable de- 
vice types to be shipped and received directly 
to the customer's stock with reduced or no re- 
ceivinginspection. Signetics ppm database, as 
validated through the PPM Program, is moni- 
tored by Signetics QAE to assure continued de- 
fect-free performance. Acceptable candidates 
for STS are selected from the customer and 
Signetics ppm databases, where performance 
by device is agreed to be below 100 ppm (this 
is an arbitrary limit which can be negotiated with 
each customer). 


Signetics QAE will again perform a Parieto 
Analysis based on device type, quantity ship- 
ped/received, and the reported defect levels. 
Those devices with a history of over 1000 de- 
vices shipped (again, arbitrary) and under 100 
ppm are candidates for STS. Written agree- 
ment from the customer initiates the system. 
Shipments of STS certified material are unique- 
ly labeled by Signetics for easy recognition by 
the customer's receiving group. Signetics QAE 
will continue to monitor the performance of 
these device types to assure less than 100 ppm 
defective on an ongoing basis. Should the Sig- 
netics performance exceed 100 ppm ina rolling 
3 month period, Signetics will formally notify the 
customer that the device has been removed 
from STS and the customer's receiving inspec- 
tion should be resumed. Similarly, the custom- 
er may abandon the system at any time, for any 
reason, simply by notifying the Signetics QAE. 


Signetics Commercial Divisions have success- 
fully implemented STS programs at over 82 
customer locations, involving over 5100 device 
types. These customers enjoy the benefit of 
lower cost-of-ownership, reduced competition, 
and increased profits. STS is our customers re- 
ward for their investment in the PPM Program. 


SIGNETICS JUST-IN-TIME (JIT) 


PROGRAM 


A further customer benefit of the PPMand STS 
Programs is the Just-in-Time Program. The 
Signetics JIT program supplements STS to as- 
sure defect-free, on-time delivery, while mini- 
mizing the customer's inventory. JIT is 
available to any participating STS customer, 


but only on those STS device types which are 
also on the customer's Volume Purchase 
Agreement (VPA) with Signetics. A firm VPA 
release of 6 months minimum will assure 
monthly, bi-weekly, or weekly defect-free ship- 
ments to the customer's stock. Contact Military 
Marketing for more information. 


SIGNETICS MILITARY PRODUCTS 
RELIABILITY 


Signetics Reliability Assurance is involved 
throughout the initial design and process defini- 
tion, characterization, product release, and pro- 
duction phases. Reliability organizations exist 
in each product group of Signetics, as well as 
in a Central Reliability group which establishes 
reliability standards and ongoingtest programs. 
A well-defined reliability program not only as- 
sures quality and quality-over-time, but pro- 
vides dependability, lower cost of ownership, 
and technical responsiveness to our custom- 
ers. 


Each Military product, new process, or revised 
product released to production must first pass 
the rigid commercial reliability standards, and 
then be qualified to Military Standards. Each 
Military die and package type are subjected to 
MIL-STD-883, Method 5005 Group C and D 
(die and packages, respectively) to demon- 
Strate its suitability for Military usage. Thereaf- 
ter, Quality Conformance Inspections 
conducted on each microcircuit group and 
package type on an annual basis, per para- 
graph 1.2.1 of MIL-STD-883. 


The Corporate SURE Program also continu- 
ously monitors Commercial products with re- 
Spect to processes and packages. The Military 
and SURE data bases together assure the In- 
dustry's highest reliable products. Further de- 
tail on the Signetics SURE Program may be 
found in any Signetics Commercial Data Manu- 
al, or contact your local sales representative to 
obtain a SURE Reliability Report. 


SIGNETICS MILITARY QUALITY 


IMPROVEMENT PROCESS 


In 1980, Signetics recognized the need to im- 
prove product quality from the 10,000 ppm level 
to below 100 ppm. As evidenced by the preced- 
ing sections, the Quality Improvement Process 
has more than achieved that initial ppm quality 
goal. Today, Signetics strives to demonstrate 
continuous improvement in all business mea- 
sures, including quality and service. 
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MILITARY STANDARD 
PRODUCTS 


The Signetics standard product line offering in- 
cludes JAN qualified Class S and Class B prod- 
ucts, Standard Military and DESC Drawings, 
and Class B and C vendor standard products. 


All Signetics standard products are 100% 
screened to the requirements of the most cur- 
rent issue of MIL-STD-883, Method 5004, and 
periodically sampled to Quality Conformance 
Inspection (QCI), Method 5005. Signetics uti- 
lizes alternate Group A and alternate Group B 
for all product lines. The details of these test 
methods, as well as additional related require- 
ments of MIL-M-38510 and MIL-STD-883, are 
not repeated herein so as to not mislead our 
customers by errors or omission of require- 
ments included in those specifications. 


This product description supersedes all prior 
dated Military Product literature, including com- 
mercial data books containing Military Product 
electrical characteristics, flow descriptions, and 
package physical dimensions. 


JAN Qualified Products 


Signetics JAN Class S and Class B products 
are produced on government certified produc- 
tion lines and are qualified by the Defense Elec- 
tronics Supply Center (DESC) in Dayton, Ohio. 


JAN Class S products represent the highest 
level of quality and reliability as prescribed by 
MIL-STD-454, Requirement 64 and by 
MIL-HDBK-217, and are recommended for use 
in the most critical of applications such as 
manned space and satellite use. 


JAN Class B products are the procurement 
preference for all general Military applications 
such as avionics, missiles, computers, launch 
control, fire control, and critical ground support 
electronics. 


JAN qualified products are fabricated, as- 
sembled, tested, andinspected in U.S. Govern- 
ment certified facilities in Sunnyvale, California, 
Orem, Utah, and Albuquerque, New Mexico. 


DESC prohibits any customer imposed devi- 
ations or waivers on procurement of JAN prod- 
ucts. Products must conform completely to 
government specifications and are verified by 
Signetics Quality Control. 


JAN qualified products are listed on the Quali- 
fied Products List, QPL-38510, issued periodi- 
cally by DESC. For current QPL information, 
customers may contact their local sales repre- 
sentative, Military Marketing or directly with 
DESC-EQM at (513) 296-6355. The JAN 
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Product 
Description 


products listed herein should be considered 
valid only on its date of publication. 


These categories of product conform to quality 


Levels S and B of MIL-HDBK-217 (tq = 0.25 for 
Class S, 1.0 for Class B). 


Standard Military Drawing (SMD) 
DESC selected item drawings (mini-specs) 
were produced by DESC-ECS during the peri- 
od of 1976-1986 to serve as aninterim standard 
for use prior to the publication of a JAN detailed 
slash sheet. 


Standard Military Drawings (SMD), introduced 
in 1986, fulfill the same needs as DESC Draw- 
ings, but are streamlined about the general re- 
quirements of compliant non-JAN device types 
as defined by MIL-STD-883, Paragraph 1.2.1. 


Until a qualified JAN device is obtained, the 
SMD serves as the Class B standard procure- 
ment preference as defined by MIL-STD-454, 
Requirement 64. 


All Signetics products offered as SMD’s fully 
conform with MIL-STD-883, Paragraph 1.2.1 
and to the detailed drawing. Final electrical, 
Group A, and end-point electrical tests are de- 
fined by the SMD. 


SMD products are marked with the government 
part number in addition to the information 
shown in the standard marking section. The 
case outline designator is defined by 
MIL-M-38510, Appendix C or by the SMD. 


Many SMD products are dual-marked with the 
Signetics Class B standard product part num- 
ber. 


This category of product conforms to Quality 
Level B-1 of MIL-HDBK-217 (1g = 2.0) 


Signetics Class B Standard 
Products 


Signetics Class B Vendor Standard products 
are offered for use when JAN products are not 
qualified on the QPL, SMD products are not 
available, or when program requirements allow 
the use of vendor standard products. 


All Class B standard products are compliant to 
MIL-STD-883, general provisions Paragraph 
1.2.1 for non-JAN devices. No claims by 
Signetics are otherwise made of equivalence to 
JAN products or to MIL-M-38510. Signetics 
standard products also conform with JEDEC 
Publication 101. 


Electrical specifications are as included in the 
most current Signetics Military Data Manual. 


® 100% final electrical tests include all data 
manual parameter limits, test conditions, 
and temperatures applicable to Subgroups 
1, 2, 3, 7, 8, and 9 of MIL-STD-883, 
Method 5004 for digital products, or to 
Subgroups 1, 2, 3, 4, and 9 for Linear 
products. 


© Group A sample electrical inspection tests 
include all applicable final electrical 
subgroups as well as all other Data Manual 
parameters with specified minimum or 
maximum limits. 


© End-point electrical tests used for QCI 
inspection sampling (Groups C and D) are 
those Data Manual parameter limits, test 
conditions, and temperatures applicable to 
the Group A Subgroups specified in the 
most similar associated detail specification 
(slashsheet). 


Data manual parameters which have no speci- 
fied minimum or maximum limits (typical per- 
formance only) are not tested. Parameters 


which have limits specified at 25°C only, are 
tested only at that temperature. Detailed 
parameter assignment to Group A subgroups 
and other test details are contained in docu- 
mented Signetics internal Product Electrical 
specifications, and are available upon request. 
Actual test program symbolics are available for 
customer review at the factory, but are consid- 
ered proprietary and will not be copied or 
otherwise distributed outside of Signetics. 


Waivers or deviations deemed necessary in 
contracts must be processed in accordance 
with MIL-STD-480. 


Package types which do not have case outline 
letters assigned in MIL-M-38510, Appendix C, 
are assigned case outline letters per JEDEC 
Publication 101. 


The Signetics standard Product Assurance 
Plan documentation is available for customer 
review at the factory. 


This category of product conforms to quality 
level B-1 of MIL-HDBK-217 (1 = 2.0). 


Signetics Class C Standard 


Products 

Signetics Class C product is offered for use in 
non-critical applications where burn-in is notre- 
quired, but performance over the Military tem- 
perature range or hermetic construction is 
required by the customer. Class C product is 
identical to Class B products in all require- 
ments, except that burn-in, PDA, and the 96 
hour test requirements are not applicable. 
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Product Description 


Since MIL-M-385 10 and MIL-STD-883 no long- 
er define Class C requirements, these products 
are by definition non-compliant — to 
MIL-STD-883, Paragraph 1.2.1. 


This category of product conforms to quality 
level D of MIL-HDBK-217 (7g = 10.0). 


General Information 


® All Signetics products are considered 
sensitive to electrostatic discharge (ESD), 
regardless of ESD category. In-process 
factory ESD controls are maintained from 
die attach through shipping. Devices are 
packed in protective tubes or magazines, 
enclosed in a Faraday shield container, and 
labeled in accordance with MIL-STD-129. 


WARNING: Devices may be de- 
graded or destroyed if proper ESD 
handling techniques are not used 
when opening the shipping contain- 
er. The Signetics warranty is void if 
product is not properly protected. 


® All Signetics production areas, critical 
support areas, subcontract test labs, and 
authorized distributor stocking locations are 
certified and periodically self-audited by 
Signetics Quality Assurance. 


® Government source inspection (GSI) is 
provided on JAN qualified products by the 
Defense Contract Administration Services 
(DCAS). GSI services for all other 
non-JAN products must be delegated by 
the customer's Contracting Officer. 


® Customer Source Inspection (CSI) which is 
contractually required on standard products 
is restricted to final documentation review 
only (Signetics does not identify 
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work-in-process by customer). For custom 
or semi-custom products, CSI is permissi- 
ble at any in-process operation, however 
the customer is cautioned that the most 
non-JAN products are fully processed in 
our Thailand facility. 


® Source or Spec Control Drawings (SCD), 
Altered Item Drawings, and Selected Item 
Drawings (SID) are acceptable for review. 
The Signetics review guidelines reflect the 
standard requirements of MIL-STD-883, 
Paragraph 1.2.1. 


® Signetics is agreeable to customer 
imposed qualification, First Article, or 
MIL-M-38510 QC requirements on 
non-JAN products. Contact the factory for 
price and delivery information. 


® Purchase order directed standard data 
pack requirements are acceptable for 
screening or QCI attribute data for all 
standard products. Contact the factory for 
price and delivery information. 


® Signetics offers a one year limited warranty 
from the time of delivery to the customer on 


standard products for performance, 
workmanship, and conformance to the 


applicable product specifications. Products 


procured through Signetics authorized 


distributors are similarly warranteed for one 


year from the time of delivery to the 


customer. This warranty is not transferable 


through multiple distributor transactions, 
and is invalid for any product which is 
delivered by or transferred through a 
non-authorized distributor, broker or test 
laboratory. 


® The Signetics warranty is invalid if the 
customer or his subcontractor subject the 


product to alteration (e.g., marking, lead 
cutting) or stresses beyond the capability of 
the product. Where environmental stress 
screening is contractually required, it is 
strongly recommended that Signetics be 
consulted as to the ability of the devices to 
survive the stresses, and that the test 
laboratory be certified by the customer's 
QA organization. 


® All products are marked with a unique 


country of origin code identifying the 
assembly plant location. The code “USA” 
signifies assembly in our Orem, Utah 
facility, and the code “THAI” signifies 
assembly in our Bangkok, Thailand facility. 


®@ The Signetics plant address information is 


as follows: 


Company Headquarters 
Signetics Company 

811 E. Arques Avenue 

P.O. Box 3409 

Sunnyvale, Ca 94088-3409 
Telephone: (408) 991-2000 
Telex: 172-243 


JAN Manufacturing 
Signetics Company 

1275 S. 800 East Street 
Orem, Utah 84058 
Telephone: (801) 225-6600 


Non-JAN Manufacturing 
Signetics Thailand Co. LTD. 
303 Chaeng Wattana Road 
Bangkhen 

Bangkok, Thailand 
Telephone: 66-—2-521-0653 
Telex: (788) 82939 
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For standard products, customers shall specify 
the complete part number as listed in the prod- 
uct description herein or in the Signetics pub- 
lished price book. Use of the lead finish 
designator “X” is highly recommended for pro- 
curement, as it simplifies multisource procure- 
ments from manufacturers who may process 
devices with different lead finishes. The actual 
lead finish designator is marked on the product 
and on the shipping documents. Use of the Sig- 
netics factory number (i.e., JB54LS161AF or 
RB54LS161AF) is not recommended due to 
possible errors in order entry transposition. 
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Ordering 
Information 


For non-standard products, customers shall 
specify the SCD number and drawing revision. 


For all products, purchase order options in- 
clude: 


© Source Inspection; Government (GSI) and/ 
or Customer (CSI). A letter of delegation 
(DCAS) and source point description must 
accompany the purchase order prior to or- 
der entry. 


® Special packing or packaging. 


® Data packs; For Class B and C product, 
two options may be specified: Screening 
and Group A attribute data (supplied as a 
single data set), and/or Quality Confor- 
mance Inspection (QC) attribute data 
(does not include Group A). For JAN Class 
S products, data packs include screening 
attributes, QCI attributes, and all variables 
data (SEM photographs or X-—tay film are 
not included). 
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All products, whether JAN or standard product, 
are marked with the following information: per 
MIL-M-38510: 


® ESD identifying triangle(s). 


® Signetics manufacturer's identification logo: 


= 


® Compliant product identifier, “C”, per 
MIL-STD-883, 1.2.1. Not applicable to JAN 
or Class C products. This identifier is in- 
cluded on date codes after 8749. 


® Inspection lot identification seal date code. 


® Signetics manufacturer's designing symbol 
per NAVSHIPS 0967-190-4010. The Sig- 
netics manufacturer's designating symbol 
are the characters “DKB”. 


® Country of origin, “USA” or “THAI”. 
@ Part number. 


® The Pin 1 index point for most packages is 
found as a part of the package construction 
(i.e., the dual-in-line notch, the flat pack Pin 
1 enlargement, or the leadiess chip carrier 
elongated Pin 1 base terminal or cham- 
fered package corner). The ESD identify- 
ing symbol is located in the Pin 1 quadrant, 
but not necessarily adjacent to Pin 1. For 
leadless chip carriers, the ESD identifier is 
located on the top surface at Pin 1. 
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Coding 
Explanation 


The following examples illustrate the part 
marking system for 54LS161A standard 
product. 


@ For JAN products, the part number is 
per MIL-M-38510 and detailed device 
specification. 


J M385 10 /315 04 BEA 


| | Lead finish designator 
Case outline designator 


Device class designator 
- Device type 

Detailed drawing 

General specification 

JAN certification 


@ For Standard Military Drawing products, 
the part number is per the drawing. 


5962 — 5 ] 
| Lead finish designator 
Case outline designator 
Device type 
Drawing number 


Federal supply code for microcircuits (FSC) 


® For Signetics Vendor Standard Prod- 
ucts, the part number is as listed in this 
product description or in published price 
lists. 


4LS161 A/ i 
Lead finish designator 


Case outline designator 

Device class designator (B or C) 
Speed selection (optional) 
Generic device type 


® For Signetics Class C Standard prod- 
ucts, the part number is listed in this 
product description or in the published 
price lists. 


4LSI61A/CEA 
z Lead finish designator 
Case outline designator 


Device class designator non burn-in 
Speed selection (optional) 
Generic device type 
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Coding Explanation 


MARKING FORMAT EXAMPLES: 


eDIP — Example of Standard 
Military Drawing Marking 5962-7600801EA 
AA 54LS161A/BEA 
C928901B DKB THAI 


e FLAT — Example of JAN Military 


Drawing Marking JM38510/31504BFA 


DKB USA 


44 89018 


e LLCC — Example of Standard 
Product Military Drawing Marking 


= AA 


C918901B 
54LS161A/B2A 
DKB THAI 


Notes on Package Marking: 

This page is provided to help explain the general marking scheme for Signetics Military de- 
vices. For more specific information on marking details, contact the Military Marketing Group. 
** Date code explanation: C918904A 


MSeEsD triangle. Depending on ESD level, there may be one, two or no ESD triangles. C Sig- 
nifies compliance to Mil-Std-883. Not required for JAN product which is by definition, com- 
pliant. First two positions (91 in example). Fab date code indicating last digit of the year and 
Quarter. Last 5 positions is seal date code and suffix letter. 
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SIGNETICS STANDARD 


PACKAGE DESCRIPTIONS 


All Military package case outlines and physical 
dimensions conform with the current revision 
MIL-M-38510, Appendix C, except for package 
types which are not included in that specifica- 
tion. 

The physical dimensions for standard package 
types which are not included in Appendix C are 
included herein in Appendix C format. Case 
outline letters are assigned to these packages 
according to JEDEC Publication 101 as follows: 


U: Leadless chip carriers 

X: Dual-in-line packages 

Y: Flat packages 

Z: All other configurations 
Table 1. 


Packaging 
Information 


Acase outline suffix number is assigned herein 
for identification purposes only, and is not 
marked on the product. 


Signetics Military products are offered in a wide 
range of package configurations to optimally fit 
our customer needs. 


® Dual-in-line Packages; Frit glass sealed 
CERDIP (F package family) with 8-40 
leads, and side-brazed ceramic (| package 
family) with 48-64 leads. 


® Flat Packages; Frit glass sealed alumina 
CERPAC (W package family) with 14-28 
leads, and brazed leaded ceramic (Q pack- 
age family) with 52 leads. 


Package Description Type De 


8DIP3 

14DIP3 
16DIP3 
18DIP3 
20DIP3 
22DIP4 
24DIP3 
24DIP4 
24DIP6 
28DIP6 
40DIP6 
48DIP6 
SODIP9 
64DIP9 


18LLCC 
20LLCC 
28LLCC 
32LLCC 
44LLCC 
68LLCC 


NOTES: 
1. Configuration 2. 
2. Per JEDEC publication 101. 


signation Case Outline 
- P 


Oxcx-syp<mMOo 


>< 
iS) 


D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
F 


<TD 
5] $4%OZTO 


SSSsss 


CONC 
nm 


NON 
nN 


3. Dimension A (LLCC thickness) is 75mils maximum. 
4. See RADC test report RADC-TR-86-97 for thermal resistance confidence and derating. 
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® Ceramic Chip Carriers; triple laminated, 
metal-lidded LCC (G package family) with 
20-68 terminals. 


@ Pin Grid Array; metal-lidded ceramic pin 
grid (P package family) with 68-100 leads. 


@ Shown in Table 1 are the case outline let- 
ters assigned according to Appendix C of 
MIL-M-38510 and JEDEC publication 101. 
Unless otherwise noted, all package types 
are Configuration 1 and all lead finishes are 
hot solder dip Finish “A”. 


Theta-JC °C/Watt4 
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Packaging Information 


CASE OUTLINES Y (FLAT PACKAGES) 


Configuration 1 


NOTES: 


1. A lead tab (enlargement) or index dot is located within the 
shaded area shown at Pin 1. Other pin numbers proceed 
sequentially from Pin 1 counterclockwise (as viewed from the 
top of the device). 

- This dimension allows for off-center lid, meniscus, and glass 
overrun. 

- The reference pin spacing is 0.050 between centerlines. Each 
pin centerline is located within + 0.005 of its logitudinal 
position relative to the first and last pin numbers. 

- This dimension is measured at the point of exit of the lead 
body. 

- This dimension applied to all four corner pins. 

- Lead dimensions include 0.003 inch allowance for hot solder 
dip lead finish. 


nm O -— OD moos >, 


= 
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Packaging Information 


CASE OUTLINES X (DUAL IN-LINE PACKAGES) 


SEE NOTE 1 L SEE NOTE 1 


we 


SEATING SEATING 
PLANE _ PLANE ' ' 
p+—— E, ——>, 


Configuration 1 Configuration 2 


. An index notch is located within the shaded area shown. Pin 1 is adjacent to the notch to the immediate left (as 
viewed from the top of the device) and other pin numbers proceed sequentially from Pin 1 counterclockwise. 

. The minimum limit for Dimension b1 is 0.023 inches for all four corner pins. 

. This dimension allows for off-center lid, meniscus, and glass overrun. 

. This dimension is measured at the centerline of the leads for Configuration 2. 

. The reference pin spacing is 0.100 between centerlines. Each pin centerline is located within +0.010 of its 

longitudinal position relative to the first and last pin numbers. 

. This dimension is measured from the seating plane to the base plane. 

. This dimension applies to all four corner pins. 

. Lead dimensions include 0.003 inch allowance for hot solder dip lead finish. 
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Packaging Information 


LEADLESS CHIP CARRIER (LLCC) PINOUTS 


OC OL 10 C10 
Or) fo 2) 2) 7) Oe) 


BAA a el el BAe a el el 
OLGOL IOC O@MOOOO® 


(TOP VIEW) (TOP VIEW) 


24-Lead Logic Pinout for 28 Terminal Chip Carrier 28—Lead Pinout for 28 Terminal Chip Carrier 
for all Device Types 


Nc [12] 
(0) [3 
(1) fi 
NC [15] 
(2) fe 
@©H 
Nc [18] 


(2) ol i el el Be (3) ol Gl el el ee 
OO OLIOO @. OO OLIGO © 


(TOP VIEW) (TOP VIEW) 


24—Lead Memory Pinout for 28 Terminal Chip Carrier 22—Lead Memory Pinout for 28 Terminal Chip Carrier 


O =Chip Carrier Terminal Number 
© «Dual In-Line Lead Number 
NC = No Connect 
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TEST GUIDELINES 


This data book has been prepared by the Sig- 
netics Military Products Division with the inten- 
tion of describing both the requirements or 
limits of the devices contained within and the 
specific conditions which will be employed to 
meet the requirements. To ensure the accuracy 
of both the test program and the data sheets, 
the Quality and Reliability Group for the Division 
has performed at 100% audit of all such materi- 
al andcontinues to monitor the process through 
approval of all test programs and data sheet 
ECNs (Engineering Change Notices). 


There are some test condition details which can 
be best described in an overview section such 
as this. They are: 


Logic Products 
1. Functional Test 


A) Consists of applying specific Logic 
patterns to the device inputs while ver- 
ifying the correct output states. 


B) Uses Logic levels where V, = Vo, or 
Von: 
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Test Guidelines 


C) Is generally performed with no output 
load. 


2. Faax Measurement 


A) Is performed at the specified clock fre- 
quency and consists of ensuring that 
the device does function. There are no 
constraints on Pulse Rise Time, Fall 
Time or Setup and Hold conditions. 
This test can be best described as a 
“Toggle” test run at the maximum de- 
vice specified frequency. 


3. AC Parametric Measurements 


A) Signetics has upgraded the AC speci- 
fications of the gold-doped (TTL), Low 
Power Schottky (LS) and Schottky (S) 
devices by adding in 50pF limit tables 
that apply over temperature. The data 
sheet indicates that these new limits 
are presently guaranteed, but Signet- 
ics Military Division is generating and 
implementing test capabilities and will 
be actually performing these new limit 
conditions within the next year. During 
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the interim, Signetics will be perform- 
ing testing to either the 15pF or SOpF 
output load and limits specified. Cur- 
rently the ATE (Automatic Test equip- 
ment) being employed actually have 
test head/load board capacitances that 
exceed 50pF. 


B) While performing any specific AC test 
(e.g., tpLy), test conditions not in- 
tended to be measured at this point, 
but which could affect the result due to 
the testing environment will be set at a 
non-critical condition (e.g., setup and 
hold). In other words, critical (spec) 
test conditions will be generally re- 
stricted to only the parameter under 


test. 


~" 


4. |Icc Measurements 


A) The input voltage conditions while per- 
forming this test is either greater than 
or equal to 4.0V (High State) or equal 
to Ground (Low State). Any Ico mea- 
surement which requires clocking will 
be so noted in the data sheet. 


signetics Section 2 
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Data Sheets 
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LM119 
LM124 
LM139A/LM139 
26LS31 

521 

522 

527 

529 

555 

556-1 

567 

592 

602 

604A 

605 

5018 

5205 

5212 

5512 

5521 
5532/5532A 
5534/5534A 
5537 

5539 

5560 


[A733 
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DESCRIPTION 

The LM119 is a precision high-speed dual 
comparator fabricated on a single mono- 
lithic chip. It is designed to operate over a 
wide range of supply voltages down to a 
single 5V logic supply and ground. 
Further, it has higher gain and lower input 
currents than devices like the 1A710. The 
uncommitted collector of the output stage 
makes the LM119 compatible with RTL, 
DTL, and TTL as well as capable of driving 
lamps and relays at currents up to 25mA. 


Although designed primarily for applica- 
tions requiring operation from digital logic 
supplies, the LM119 is fully specified for 
power supplies up to +15V. It features fast- 
er response than the LM111 at the 
expense of higher power dissipation. 


EQUIVALENT SCHEMATIC 
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Dual Voltage Comparator 


Product Specification 


However, the high-speed, wide operating 
voltage range and low package count 
make the LM119 much more versatile than 


older devices like the A711. 


FEATURES 
e Two independent comparators 


e Operates from a single 5V supply 

e Typically 80ns response time at 
+15V 

e Minimum fanout of 3 (each side) 


e Maximum input current of 1L:A over 
temperature 


e Inputs and outputs can be isolated 
from system ground 


PIN CONFIGURATION 


TOP VIEW 


ORDERING INFORMATION 


PACKAGES ORDER CODE 
14—Pin Ceramic DIP LM119/BCA 


LDO6390S 


853-1153 F08208 
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Dual Voltage Comparator LM119 


ABSOLUTE MAXIMUM RATINGS! 


OO 
SO 
[| Seundonesaivewipeivetaee 
[| Seinsoperive nippy vetageSSCSC“‘dSC‘ 
a ee 
— 
a 0 

3 


Differential input voltage 
Input voltage? + 
Maximum power dissipation? 


+5 
15 

Ls Output short-circuit duration 10 
300 


Operating temperature range 55 to +125 
Storage temperature range -65 to +150 
Lead soldering temperature (10sec max) F800 


SYMBOL PARAMETER TEST CONDITIONS 


SC 
pubes curen®@ 
Sr 


—_ 
Lee 
VoL Saturation voltage Vin? < -5mV, loyt = 25mA 0.75 
V+>45V, V-=0 
Vin? <-6mV, lout =3.2mA 
0.23 
Ta = 125°C 
Ta = 55°C 
a 


Ta = +25°C Ta = -55°C, +125°C 


~N 
ol 


Output leakage current V— = OV, Vin > S5mV 
Vout = 35V 
Input voltage range Vs = + 15V +12 +13 
V+ = 5V, V-=0V 1 


[oaemtaience [TT 

[Pesive supphyouvent | _waerv-w | || | |__| =a_| 
[Pesivesuppiyourent | _ve=aiev |__| 60 | 

[Negative supryeurent [| Veratev =| 


zm 
on 
I+ 
on 
- 
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Dual Voltage Comparator LM119 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER TEST CONDITIONS 
= - ° 
Response time® Vs = + 15V, Ta = 25 C 
R, = 500Q2 (see test figure) 
NOTES: 


1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Functional operation at these 
or any other conditions above those indicated in the operational specifications is not implied. 

For supply voltages less than +15V, the absolute maximum rating is equal to the supply voitage. 

The absolute maximum junction temperature is 150°C. Device dissipation must be derated as 9.5mW/°C. 

Vos, log and Ig specifications apply for a supply voltage range of Vs = + 15V down to a single 5V supply. 

The offset voltages and offset currents given are the maximum values required to drive the output to within 1V of either supply with a 1mA 
load. Thus these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

This parameter is guaranteed, but not tested. 

Vin Value specified is the overdrive applied in addition to the specified Vos value. 

The response time specified is for a 100mV step with 5mV overdrive. 


a oN 


ON ® 


TEST CIRCUIT 


PULSE 
GENERATOR 


Response Time Measurement 
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Dual Voltage Comparator LM119 


TYPICAL PERFORMANCE CHARACTERISTICS 


Response Time for Various Response Time for Various 
Transfer Function Input Overdrives Input Overdrives 


OUTPUT 


OUTPUT 
VOLTAGE — V 
VOLTAGE 


INPUT 


A — MO139V1LIOA LNdLNO 
VOLTAGE — mV 


cco 
=o Seen | 


0 
-10 -06 -02 ©. 50 100 150 200 250 300 350 50 100 150 200 250 300 350 
DIFFERENTIAL INPUT VOLTAGE — V TIME —ns TIME —ns 
OPO09550S OPO09560S 


VOLTAGE — mV 


OP09570S 


Response Time for Various Response Time for Various 
Input Characteristics input Overdrives Input Overdrives 


| | Vs = + 15V BE Re Ree 
es os o | VA Ana 


vt+=5.0V 


OUTPUT 
VOLTAGE — Vv 


> 
te | 
= tii 
~- Oo 
B3 
oar 
(e) 
> 


INPUT BIAS CURRENT — nA 


INPUT 
VOLTAGE — mV 
INPUT 
VOLTAGE — mv 


i MAXIMUM DIFFEREN. x 
aes 
50 100 150 200 250 300 350 50 100 150 200 250 300 350 


DIFFERENTIAL INPUT VOLTAGE — V TIME — ns TIME — ns 
OP09580S OP09590S OPO09600S 


Output Limiting 
Output Saturation Voltage Supply Current Characteristics 


4 
| SHORT CIRCUIT CURRENT 


POWER DISSIPATION 
0 5 10 15 


OUTPUT VOLTAGE — V SUPPLY VOLTAGE — V OUTPUT VOLTAGE — V 


OP09610S OP09620S OP09630S 


OUTPUT CURRENT — mA 
SUPPLY CURRENT — mA 
SHORT CIRCUIT CURRENT — mA 
POWER DISSIPATION — W 


January 26, 1987 20 


Signetics Military Communications and Industrial Products Product Specification 


Dual Voltage Comparator LM119 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Currents Common-Mode Limits | Supply Current 


POSITIVE SUPPLY, Vs = + 15V ee 
z..- 


-_ 
LS) 


mR 

S 
_ 
o 


REFERRED TO SUPPLY VOLTAGES 


< 
e 

] 
= 
z 
Ww 
c 
x 
> 
oO 
- 
= 
a 
z 


COMMON MODE LIMITS — V 
SUPPLY CURRENT — mA 


45 


TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C 


Cravens OPO9660S 


TYPICAL APPLICATIONS 


INPUTS 


TC13241S 


Relay Driver 


2N2222 


SQUARE WAVE OUTPUT 
1kHz to 1MHz 


TRIANGLE WAVE OUTPUT 


TC13250S 


Window Detector 


NOTES: 
Vout = 5V for Vit < Vin < Vut Frequency adjust must be buffered for Ri < 10 


Vout = OV for Vin < Vit or Vin > Vut 


Wide Range Variable Oscillator 
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DESCRIPTION 

The LM124 is an independent, high-gain, 
internally frequency-compensated opera- 
tional amplifier designed specifically to op- 
erate from a single power supply over a 
wide range of voltages. 


UNIQUE FEATURES 

In the linear mode the input com- 
mon-mode voltage range includes ground 
and the output voltage can also swing to 
ground, even though operated from only a 
single power supply voltage 


The unity gain cross frequency is tempera- 
ture compensated. 


The input bias current is also temperature 
compensated. 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
14-Pin Ceramic DIP LM124/BCA 


LM 124 
Low Power Quad Op Amp 


Product Specification 


PIN CONFIGURATION 


FEATURES 

e Internally frequency compensated 
for unity gain 

e Large DC voltage gain (100dB) 


e Wide bandwidth (unity gain) — 
1MHz (temperature compensated) 


e Wide power supply range — Single 
supply (3Vpc to 30Vp-) or Dual sup- 


plies (£1.5Vpc to +15Vpc) 


e Very low supply current drain — es- 
sentially independent of supply 
voltage (imW/op amp at +5Vpc) 


CD09940S 


e Low input biasing current (45nApc 
temperature compensated) 


e Low input offset voltage (2MVpc) 
and offset current (5nApc) 


e Differential input voltage range 
equal to the power supply voltage 


e Large output voltage (OVp- to V+ — 
1.5Vpc swing) 


EQUIVALENT SCHEMATIC (One circuit only) 


INPUTS 


August 5, 1987 


Rsc 


O OUTPUT 


TCO8890S 
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Low Power Quad Op Amp LM124 


ABSOLUTE MAXIMUM RATINGS® 


ve [Seepage Rss 
Nore __[Diteoniainputvotege 
Ve fimemetegs a e 
Po [Power disipaion 0 


Output short-circuit to GND 
Isc 1 amplifier? Continuous 
V+ < 15Vpc and Ta = 25°C 


Storage temperature range -65 to +150 


DC ELECTRICAL CHARACTERISTICS V+ = +5V, unless otherwise specified. 


ram oe Tae fa Coe | 
=e ae 


Rio [ioutoistotget | Reset Ya 
Ce eT ae ce A A A a SN BE 


Input bias current? Rs = 10kQ 
Se or lin(—) 


a Ve SV oe Se SS ae 
[Aigt [otsetcurentat | —SSsSsSCSC~dSi STS | C 
[Vex | Common-mode wolagerange | vezsw | 0 | |w-1sp 0 [| [we] v 
[EMA [Common-mode ejection rato® | _Ve-av | mo [es | |v {| | « 
No [Oveureigeming’ [zach vesvoor [ on | [oP ae FPP 
iat loaonietees e 


ae a 
R, = 0°, V+ = 30V 1.5 mA 


V+=+15V 
Ay Large signal voltage gain (for large Vo swing) 100 V/mV 
R_ 2 2kQ 


a fewenennenns | Tummer | fe TP T= 
PSRR Power supply rejection ratio | Rgs0Q <0Q 


Vint = ii 
fon [ovmmaimemsowee | ve iv Vs tet tet 


Vin- = +1V, ae OV, 


lot Output current sink V+ = 15V, Vo = 4.4V 


Vint = OVpc, 
Vin- = +1Vpe, 
Vo = 200mV 
veeioy 0 | | eof 


a Ce Se! ie Soe Ae eS 
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Low Power Quad Op Amp LM124 


AC ELECTRICAL CHARACTERISTICS V+ = +5V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta = -55°C, +125°C UNIT 


ES 
Noise | Input noise voltage f = 1kHz ze 
NOTES: 


1. For operating at high temperatures, all devices must be derated based on a +150°C maximum junction temperature and a thermal resistance 
of 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. 

2. Short circuits from the output to V+ can cause excessive heating and eventual destruction. the maximum output current is approximately 

40mA independent of the magnitude of V+. At values of supply voltage in excess of +15Vdc continuous short-circuits can exceed the power 

dissipation ratings and cause eventual destruction. 

The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of 

the output, so no loading change exists on the input lines. 

. Vo= 1.4Vpc, Rs = 0Q with V+ from 5V to 30V and over full input common mode range (OVpc+ to V+ —1.5V). 

. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V+ —1.5, but either or both inputs can go to +32V without damage. 

. Operation beyond limits of this table may impair the useful life of the device. 


. For long term static operation above Vcc = 18V , derate the output load resistance to 3.2kQ minimum. 


sad 


NO On 


TYPICAL PERFORMANCE CHARACTERISTICS 


Output Characteristics 
Supply Current Current Sourcing Current Limiting 


+ (Vpc) 


OUTPUT VOLTAGE 


\ \ : 
INDEPENDENT OF v+ 
Ta = +25°C 


SUPPLY CURRENT DRAIN (mAdc) 
REFERENCED TO V 
OUTPUT CURRENT (mAdc) 


Var 


0.01 -§5 -35 - 25 45 65 85 105 125 
SUPPLY VOLTAGE (Vpc) lot - OUTPUT SOURCE CURRENT (mApc) TEMPERATURE (°C) 


OP05460S 


Output Characteristics 
Voltage Gain Current Sinking Open-Loop Frequency Response 


VOLTAGE GAIN (dB) 


Vo - OUTPUT VOLTAGE (Vpc) 


Avoy — VOLTAGE GAIN (4B) 


0.01 
0.001 0.01 0.1 1 


100 1K 10K 100K 1M 
Io — OUTPUT SINK CURRENT (m, 
SUPPLY VOLTAGE (Vdc) Adc) FREQUENCY (Hz) 
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Low Power Quad Op Amp LM124 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Large-Signal Voltage-Follower 
Frequency Response Pulse Response Input Voltage Range 


OUTPUT VOLTAGE (V) 


Vo — OUTPUT SWING (Vp-p) 


+Vyy — INPUT VOLTAGE (+ Voc) 


INPUT VOLTAGE (V) 


5 10 


FREQUENCY (Hz) POWER SUPPLY VOLTAGE ( + Voc) 


TIME (us) 


Voltage-Follower Pulse 
Input Current Common-Mode Rejection Ratio Response (Small-Signal) 


_ 
iJ 
° 


500 


8 


> 
° 


j 
3 
: 


nn 
°o 


Ta = +25°C 
vt = +30 Voc 


CMRR — COMMON-MODE REJECTION RATIO (dB) 
eo 
o 
EQ — OUTPUT VOLTAGE (mv) 


25 45 65 85 105 125 
Ta - TEMPERATURE (°C) t — FREQUENCY (Hz) t - TIME (us) 


TC08910S TC08920S 


Single Supply Inverting Amplifier Non-Inverting Amplifier Input Biasing Voltage-Follower 
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Military Communications and 
Industrial Products 


DESCRIPTION 

The LM139 series consists of four inde- 
pendent precision voltage comparators 
with an offset voltage specification as low 
as 2.0mV max for each comparator which 
were designed specifically to operate from 
a single power supply over a wide range of 
voltages. Operation from split power sup- 
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the input common 
mode voltage range includes ground, 
even though operated from a single power 
supply voltage. 


The LM 139 series was designed to direct- 
ly interface with TTL and CMOS. When 
operated from both plus and minus power 
supplies, the LM139 series will directly in- 
terface with MOS logic where their low 
power drain is a distinct advantage over 
standard comparators. 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


14—Pin Ceramic DIP 
14—Pin Ceramic DIP 


LM139/BCA 
LM139A/BCA 


ABSOLUTE MAXIMUM RATINGS? 


Voc 
VIN 
Output short circuit to ground? 


LM139A/LM139 


Quad Voltage Comparator 


Product Specification 


FEATURES 


e Wide single supply voltage range 
2.0Vpc to 36Vp- or dual supplies 
+1 OVpc to +1 BVoc 


e Very low supply current drain 
(0.8mA) independent of supply volt- 
age (1.0mW/comparator at 5.0Vpc) 


e Low input biasing current 25nA 


e Low input offset current and offset 
voltage 


e Input common-mode voltage range 
includes ground 


e Differential input voltage range 
equal to the power supply voltage 


e Low output 250mV at 4mA satura- 
tion voltage 


s Output voltage compatible with 
TTL, DTL, ECL, MOS and CMOS log- 
ic systems 


APPLICATIONS 
e A/D converters 


e Wide range VCO 

e MOS clock generator 

e High voltage logic gate 
e Multivibrators 


a a 
CR GT 
ES 


[In| Input current (Vin < -0.3V00)" a ee 
Storage temperature range -65 to +150 
NOTE: 


1. Operation beyond the limits of this table may impair the useful life of the device. 
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PIN CONFIGURATION 


114] OUTPUT 3 


OUTPUT 2 | 1 | 
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Quad Voltage Comparator LM139A/LM139 


DC ELECTRICAL CHARACTERISTICS V+ = +5V, unless otherwise specified. 


TEST CONDITIONS UNIT 
wie | typ | Max | Win | Typ | Max 
Wo [inputofsetvotage™ | Lmiseatoryy | [10] 20 | | | «0 | mv _ 


[Vio [Inputoffst votage™ | __Lmiao(onyy) | | 20 | 80 | | | 9 | mv _ 
a san OY C3 IC MA 


V — 4 Keep all Vin 20V Vv V 
Differential input voltage for V- if need} + . 
: | OF lin) with output in 
7 IN(+) OF Tin(-) 
te Input bias current linear range ree ete 


aan Input offset current Fs tinay ling | — line 


Output sink current Vine) = 1V, Vin(+) = OV, 1.0 
Vo < 1.5V 


Vinis) 2 1V, vate ) = OV, 
lou Output leakage current Vo= 


et 
a 
CN vin 


Voi Saturation voltage ia 2 ‘Vo. tia - 700 
Isink S 4mA 
Vin = TTL logic swing, 
sR Large signal response time Vrer = 1.4V, Var = 5V, 300 
Ry. = 5.1kQ 


fe __|Responsetine® [Va = 8, = 8 1K 


p V+ = 5V to 30V 
ower supply rejection ratio LM139 
em rowromveeanm | ame [>> | [=| |_| 


R_ = 15kQ, V+ = 30V 
Vom = OV to 28.5V 
Common mode rejection ratio LM139 25°C 
Vom = OV to 28V 
LM139 temp 
R, = 15kQ, V+ = 30V 
Vom = OV to 28.5V 
Common mode rejection ratio LM139A 25°C 


LM139A temp 70 
Vom = 28.0V 
NOTES: 


1. The LM139/139A must be derated on a 150°C max. junction temperature. The low power dissipation and the "On-Off" characteristics of the 


outputs keep the chip dissipation very small (PpS 100mW), provided the output transistors are allowed to saturate. 

2. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The max. output current is approximately 20mA 
independent of the magnitude of V+. 

3. This input,current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the 
input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is lateral NPN 
parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level 
(or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re—establish when the input voltage, which was negative, again returns to a value greater than -0.3Vpc. 

4. Positive excursions of input voltage may exceed the power supply level by 17V. As long as the other voltage remains within the common— 
mode range, the comparator will provide a proper output state. The low input voltage state must not be less than -0.3Vpc¢ (or 0.3Vpc below 
the magnitude of the negative power supply, if used). 


5. At output switch point, Vo =1.4Vpc, Rg = 100Q with V+ from 5Vpc¢ to 30Vpc , and over the full input common-mode range (OVp¢ to V+. 
—1.5Vp¢). 

6. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. the upper end of the 
common-mode voltage range is V+ —1.5V, but either or both inputs can go to 30Vp¢ without damage. 

7. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of 
the output so no loading change exists on the reference or input lines. 

8. The response time specified is for a 100mV input step with a 5mV overdrive. For larger overdrive signals, 300ns can be obtained. See, Typical 
Performance Characteristics section. 

9. Operation beyond the limits of this table may impair the useful life of the device. 
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Quad Voltage Comparator LM139A/LM139 


TYPICAL APPLICATIONS 


V * (12Vp¢) 
+vC 


‘ 3.0k2 
FREQUENCY 
CONTROL 2Rg 
VOLTAGE © OUTPUT 1 10K2 


* Vrer Hi OA 
INPUT = 


OUTPUT 2 


+ 
= 2Rg ‘A LMI39 2N2222 


* VREF LOW oe 


TCO8940S TC13290S 


Two-Decade High-Frequency VCO Limit Comparator 


* VREF 4 


TCO8960S 


TTL-to-MOS Logic Converter 


TC13310S 


Visible Voltage Indicator Crystal-Controlled Oscillator 


NOTE: 
Inputs of unused comparators should be grounded. 


May 11, 1988 28 


Signetics Military Communications and Industrial Products Product Specification 


Quad Voltage Comparator LM139A/LM139 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Current Input Current Output Saturation Voltage 


Lk | Aine). 0VDdC 


1 * SUPPLY CURRENT—mA 
Iy—INPUT CURRENT—nApc 
Vo—SATURATION VOLTAGE (Vpc) 


V~ —SUPPLY VOLTAGE—Vo, = 'Q—OUTPUT SINK CURRENT (mA) 


OP05570S OP05580S OP05590S 


Response Time for Various Response Time for Various 
Input Overdrives — Input Overdrives — 
Negative Transition Positive Transition 


eager eT TTT 
COA 


OUTPUT VOLTAGE. 
Vv 
OUTPUT VOLTAGE. 


INPUT VOLTAGE. 
INPUT VOLTAGE 


TIME— usec TIME— usec 


OP05610S 
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Quad High Speed Differential 
Line Driver 


Product Specification 
Military Linear Products 


signeftics | 26LS31 


ORDERING INFORMATION PIN CONFIGURATION 


ORDER CODE 
16—-Pin CERDIP 26LS31/BEA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER LIMITS UNIT 


| Max | 
[ec [Suepvvetace TY OT 
Tv [moutvetage 
—_ 


CHANNEL A } 
OUTPUTS | 


14} CHANNEL D 


CHANNEL B gE 
RECOMMENDED OPERATING CONDITIONS OOTP (TEEN | CHANNEL C 


OUTPUTS 


SYMBOL PARAMETER LIMITS UNIT 


| Min | Max 
vec [ Svvpvyvetage «dC 
| 20 | 
4 


Input High threshold voltage 
Input Low threshold voltage 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating temperature and supply voltage range unless otherwise 
specified. 


vn [rosttivetage eee 
vc [pittowvotace | coe 
CL 
Cin tpittigheurent | eos Mex Wea 
[i [Tmputrovsecunent | Moo=Max SS Vn7OV 
a _ 
_ 


Off—state (high impedance) output Voc = Max Vo = 2.5V 
current Vo = 0.5V 


Input clamp voltage Voc = Min In =—-18mA 
Output short circuit current Voc = Max Voc = Max 
Power supply current Voc = Max All outputs disabled 
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Quad High Speed Differential Line Driver 26LS31 


AC ELECTRICAL CHARACTERISTICS T, = +25°C 


SYMBOL PARAMETER CONDITIONS LIMITS UNIT 
Pte | Propagation delay input to output Voc = 5.0V 
Pea load = 


a 

a 

FS 
ae 


Paz Propagation delay enable to output Voc = 5.0V 


Pt Propagation delay enable to output Vec = 5.0V ae 
| ad a 


Propagation delay input to output Voc = 5.0V 
ad 


: ee 
[SKEW | Cupar aap enna 
Pe creme 
Propagation delay enable to output Voc = 5.0V Pf BT os 
aie eo 


d/ COC. = 30pF, Vin = 1.3V to Vout 1.3V, Veurse = OV to +3.0V. 


EQUIVALENT AC TEST CIRCUIT AC WAVEFORMS 


INPUT 
TRANSITION 


OUTPUT 


OUTPUT 


FROM OUTPUT coo soo] 
UNDER TEST 
750 
° | L 


S, 
So 


TEST POINT Voc 


ENABLE 
INPUT 


OUTPUT 
NORMALLY 


LOW s, OPEN 


os toy 
OUTPUT 
NORMALLY ¢ open ££ 1.3V t 
HIGH a 


NOTES: 

1. C, includes probe and JIG capacitance. 

2. S, and S2 are closed except where otherwise indi- 
cated in AC waveforms. 


NOTE: 
Pulse Generator for all Pulses: Rate < 1.0MHz, 


Zo = 5002, t, < 15ns, tf < 15ns. 
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High-Speed Dual Differential 
Comparator/Sense Amp 


Product Specification 
Military Linear Products 


FEATURES BLOCK DIAGRAM PIN CONFIGURATION 


e 12ns max. guaranteed propagation 
delay 


e 201A max. input bias current 


e TTL compatible strobes and out- Input 140 
puts 


(2) 
e Large common-mode input voltage 
range 
e Operates from standard supply 
voltages 


OUTPUT 1Y 


STROBE 1G 
STROBE 1G ty 


STROBE S [6| 


( ) 
STROBE S OUTPUT 2Y 


) 
STROBE 2G 


APPLICATIONS 80028908 
e MOS memory sense amp 


e A-to-D conversion 
e High-speed line receiver 


EQUIVALENT SCHEMATIC 


V+ 


TCO7991S 


February 23, 1987 32 853-0281 F08383 


Signetics Military Linear Products Product Specification 


High-Speed Dual Differential Comparator/Sense Amp 521 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
14-Pin Ceramic DIP 521/BCA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING! 
Supply voltage 
V+ Positive +7 
V- Negative -7 
Input voltage 
Common mode +5 
Strobe/gate +5.25 


/Po___| Power dissipation a 
Storage temperature range —65 to +150 | eg | 


V 
V 
V 
V 
V 
W 
°C 
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High-Speed Dual Differential Comparator/Sense Amp 521 


DC ELECTRICAL CHARACTERISTICS Vv. = +5v, V- =-5V, unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS Ta = -55°C, +125°C | UNITS 
[Min | typ | Max | Min [Typ | Max | 


Input Characteristics 


Vio Input offset voltage V+ = +4.5V, V- =—4.5V 


Common mode voltage 


Gate Characteristics 


“0” input voltage V+ = +4.5V, V- =-4.5V 
“1” input voltage V+ = +4.5V, V- =-4.5V 2.0 


V+ = +5.5V, V— =-5.5V 
Vin = 2.7V 

1G or 2G strobe 
Common strobe S 


V+ = +5.5V, V—- =-—5.5V 
Vii = 0.5V 

1G or 2G strobe 
Common strobe S 


Output voltage Vis) = 2.0V 
“1” State V+ = +4.5V, V— =-4.5V, loy =-1MA 
“0” State V+ = +4.5V, V— = —4.5V, Io, = 10MA 
“0” State V+ = +4.5V, V— =-4.5V, Io, — 20mA 


Power Supply Requirements 

Supply voltage 
Positive 4.5 4.5 
Negative —4.5 4.5 


Supply current 
Positive 
Negative 


(¢>) 


Vit 
Vin 


hy “4” input current 


he “0” Input current 


att 
fs 


ie 
omeome) 
er x 


B 
> 


V+ = +5.5V, V— =-5.5V 
Vstrope = OV 


SYMBOL PARAMETER FROM INPUT TO OUTPUT 
| Min | typ | Max | 


Large Signal Switching Speed Propagation Delay 
tPLH(D) Low-to-high? Amp Output 12 

tPHL(D) High-to—low? Amp Output 9 

tpLH(s) Low-to-high? Strobe Output 

tPHL(s) High—to—low? Strobe Output 


NOTES: 
1. Operation beyond limits in this table may impair the useful life of the device. 


2. Response time measured from OV point of + 100mVp_p 10MHz square wave to the 1.5 point of the output. 
3. Response time measured from 1.5V point of input to 1.5V point of the output. 


g 


,O << 
a 
+ 
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High-Speed Dual Differential Comparator/Sense Amp 521 


TYPICAL PERFORMANCE CHARACTERISTICS 


Response Time for Various Response Time for Various 
Input Overdrives Input Overdrives Response Time vs Temperature 


\A 
SEERSEE Ze 
BESS Zaeee 


meet 


RESPONSE TIME (ns) 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (Vv) 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE '(V) 


+ 100 
AMBIENT TEMPERATURE (°C) 


OP03890S OP03900S OP03910S 


Propagation Delay for Propagation Delay for Output Voltage vs Ambient 
Various Input Voltage Various Input Voltages Temperature 


Vs - -5v VS = -+5V 
10MHz SQUARE 1O0MHz SQUARE 


WAVE INPUT | INPUT 
TA-25C 


PROPAGATION DELAY (ns) 
OUTPUT VOLTAGE (V) 


ry 
> 
4 
— 
Ww 
fa) 
2 
° 
- 
<x 
Oo 
4 
a 
© 
cx 
a 


30 40 50 60 70 1000 
INPUT VOLTAGE (mVp-p) INPUT VOLTAGE (mVp-p) AMBIENT TEMPERATURE (°C) 


OP03920S OP03930S OP03940S 


Input Bias Current vs Input Offset Current vs 
Ambient Temperature Ambient Temperature 


INPUT BIAS CURRENT (uA) 
INPUT OFFSET CURRENT (wA) 


25 *25 + 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


OP03950S OP03960S 
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DESCRIPTION 

The Dual Differential Comparator/Sense 
Amp is designed to convert line signals to 
TTLlevels with a minimum addition propa- 
gation delay. Features include separate 
strobe output controls as well as a com- 
mon output control. 


ORDERING INFORMATION 


Ceramic DIP 522/BCA 


EQUIVALENT SCHEMATIC 


INPUT 1A 


INPUT 1B 


OUTPUT 1Y 


STROBE 1G 


STROBE S 


May 14, 1987 


ee 


High-Speed Dual Differential 


Comparator/Sense Amp 


Product Specification 


FEATURES 


® 12 ns max guaranteed propagation 
delay 


@ 201A max. Input bias current 


INPUT 1A [7] 
INPUT 1B [2 | 


@ TTL compatible strobes and out- 
puts 


@ Large common-mode input voltage 
range 


© Operates from standard supply 


@ Open collector outputs 


APPLICATIONS 
® MOS memory sense amp 


@ A-to-D conversion 


© High-speed line receiver 


36 


PIN CONFIGURATION 


INPUT 2B 


OUTPUT 2Y 


STROBE 2G 
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Comparator/Sense Amp 522 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING! UNIT 


Supply voltage Positive +7 Vv 
Supply voltage Negative -7 V 
V 

+5 


Vina Differential input voltage a ees ee 
Input voltage 
Common mode V 
Strobe/gate +5.25 V 


Storage temperature range -65 to +150 
SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta = -55°C, +125°C | UNIT 
Input offset voltage V+ = +4.5V, V- =-—4.5V 


Ca 

Finputbias rent | sea wssvee-sev | [7s] 2 | | | «0 | ma 
Finputofsetcurent |W v55V.Ve=-55v | 

Gate Characteristics 


hi “1” input current V+ = +5.5V,V— = -5.5V, Vi = 2.7V 
1G or 2G strobe 
Common strobe S 


“0” input current V+ = +5.5V, V— =-5.5V, Vy = 0.5V 
1G or 2G strobe 
Common strobe S 


= 1 + 


TstG 


DC ELECTRICAL CHARACTERISTICS V+ = +5v, V- =-5vV, unless otherwise specified. 


Vio 


CH 


Output voltage Vis) = 2.0V 
“0” State V+ = +4.5V, V- =-4.5V, Io, = 10mA 
“0” State V+ = +4.5V, V- =-4.5V, Io, = 20mA 


VoL 


#6 
ie) 
= 


lou Output leakage current V+ = +4.5V, V-=-4.5V, Vout = 5.5V | ff 80 | 250 | pa | 


Power Supply Requirements 
V+ Supply voltage Positive 4.5 5.0 4.5 5.5 V 
V- Supply voltage Negative 45 | -5.0 4.5 -5.5 V 
locs Supply voltage Positive V+ = +5.5V, V- =-5.5V 27 mA 
loc- Supply voltage Negative Istrope = OV “15 mA 
AC ELECTRICAL CHARACTERISTICS T, = 25°C, R, = 280Q, C, = 15pF, V+ = +5V, V- =-5V. 


SYMBOL PARAMETER FROM INPUT FROMOUTPUT | — LIMITS —‘{_—sUNIT 
| Min | Typ | Max_| 


Large Signal Switching Speed Propagation Delay 
teLH(D) Low-to—High? Amp Output 15 

tPHL(D) High-to—Low2 Amp Output 12 

teLH(s) Low-to—High? Strobe Output 

tpHL(s) High—to—Low? Strobe Output 


NOTES: 
1. Operation beyond limits in this table may impair the useful life of the device. 


2. Response time measured from OV point of +100mVp—p 10MHz square wave to the 1.5V point of the output. 
3. Response time measured from 1.5V prompt of input to 1.5V point of the output. 
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Signetics 527 


Voltage Comparator 


Product Specification 
Military Linear Products 
DESCRIPTION FEATURES 
The 527 is a high-speed analog voltage = 45ns propagation delay PIN CONFIGURATION 


comparator which, for the first time, mates 
state-of-the-art Schottky diode technology 
with the conventional linear process. This ® TTL or ECL compatible outputs 
allows simultaneous fabrication of high- e Wide common mode and differen- 
speed T°L gates with a precision linear tlal voltage range 

amplifier on a single monolithic chip. The 
527 is similar in design to the Signetics 529 
voltage comparator except that it incorpo- 
rates an “Emitter Follower” input stage for APPLICATIONS 
extremely low input currents. This opens °¢ A/D conversion 

the door to a whole new range of applica- _« ECL-to-TTL interface 
tions for analog voltage comparators. ° TTL-to-ECL interface 


e Memory sensing 


e Complementary output gates 


e Typical gain of 5000 


¢ Optical data coupling 


OUTPUT A 
INPUT A 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
14-Pin Ceramic DIP 527/BCA 


INPUT B 
OUTPUT B 


EQUIVALENT SCHEMATIC 


O STROBE A 


4K 


INPUT A 


OUTPUT B 
— 


STROBEB 


TC08004S 
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Voltage Comparator 527 


ABSOLUTE MAXIMUM RATINGS 


Storage temperature range -—65 to +150 °C 


DC ELECTRICAL CHARACTERISTICS V,+ = 10V, V;— =-10V, Vo+ = +5.0V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS Ta = 85°C, +125°C UNIT 
ee _ | ie] ae | as fe 


Input Characteristics 


ie Input bias current 
te Input offset current 


Common mode voltage 


Output voltage “1” State Vo+ = 4.5V, lon = -1MA 


VoL Output voltage “O” State Vo+ = 4.5V, Io. = 10MA ian 


Input clamp voltage lik =—18mA, V2 = 4.5V 


Strobe inputs 
lit Input current “0” Vo+ = 5.5V, Votrope = 0.5V 
liq Input current “1” Vo+ = 5.5V, Vstrope = 2.7V 
Vit Input voltage “0” Vo+ = 4.5V 
Vin Input voltage “1” Vo+ = 4.5V 2.0 
18 


Short-circuit 
Isc Output current Vo+ = 5.5V, Vo = OV = 


Supply voltage 
Vi+ 
Vi- 
Vo+ 


Comparator 
Comparator 
Gate 


Supply current 


I+ Comparator Vi+ = 10V 
Iy- Comparator Vi-—=-10V 
lo+ Gate Vo+ = +5.5V 
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Voltage Comparator 527 


AC ELECTRICAL CHARACTERISTICS V,+ = 10V, V;— =-10V, Vo+ = 5.0V, unless otherwise specified. 


Transient response 
propagation delay time 
| Low-to-high 
High-totow 


Strobe delay time 
ton Turn—on time 
to# Turn—off time 


NOTE: 
1. Operation beyond the limit in this table may impair useful life of the device. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Currents vs Supply Current vs Power Dissipation vs 
Temperature Temperature Supply Voltage 


secceas 


.__ [OFFSET CURRENT | [OFFSET CURRENT | 


INPUT CURRENTS — yA 
SUPPLY CURRENT — mA 
POWER DISSIPATION — mW 


-50-25 0 25 50 75 100 125 -50-25 0 25 50 75 100 125 


TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE (V;*+,V;~)— VOLTS 


OP03970S OP03980S OP03990S 


Supply Current vs Response Time for 
Supply Voltage Output Propagation Delays Various Input Overdrives 


Vi* =10V,V;,~- = -—10V 


OUTPUT 
VOLTAGE — V 
OUTPUT 
VOLTAGE — V 


OVERDRIVE 


par 


a 


SUPPLY CURRENT — mA 


INPUT 
VOLTAGE — mV 

INPUT 
VOLTAGE — mv 


a | 
_ Tol Gvenbeav 


10 15 20 25 30 10 15 20 25 


SUPPLY VOLTAGE V;*+,V;~)— VOLTS TIME — ns TIME — ns 


OP04000S OP04010S OP04020S 
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Voltage Comparator 527 


TYPICAL TIME TEST CIRCUIT 


INPUT PROBE 


OUTPUT 
PROBE 


TC08011S 


NOTES: 

CR1 -CR4 = IN914 Input Output 

R1 selected for 15:1 divider PRR = 1MHz R_ = 3902 

R2, 3 selected for 100mV at Pin 4 Pw = 50ns C. = 25pF (including stray capacitance) 
T, = 7; = 2ns 
Amplitude = 3.00V 


527 LOGIC FUNCTION 


APPLICATIONS 

One of the main features of the device is that 
supply voltages (V+, V—) need notbe balanced, 
as in the following diagrams. For proper opera- 
tion, however, negative supply (V—) should al- 
ways be atleast 6V more than the ground termi- 
nal (Pin 6). Input Common—Mode range should 
be limited to values of 2V less than the supply 


voltages (V+ and V-) up to a maximum of +6V 
as supply voltages are increased. 


It is also important to note that Output A is in 
phase with Input A and Output Bis in phase with 
Input B. 
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527 


Voltage Comparator 


TYPICAL APPLICATIONS 


TTL 
OUTPUTS 


-10V 


TC08020S 


TC08030S 
Photodiode Detector ECL-to-TTL Interface 


O +.5V 


1103 TTL INPUT 
MOS RAM O 


O -6V 


TC08040S 


. TCO8050S 
MOS Memory Sense TTL-to-ECL Interface 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The 529 is a high-speed analog voltage e410ns propagation delay 
comparator which, for the first time, mates 
state-of-the-art Schottky diode technology 
with the conventional linear process. This ® TTL or ECL compatible outputs 
allows simultaneous fabrication of high- e Wide common-mode and differen- 
speed T*L gates with a precision linear tlal voltage range 

amplifier on a single monolithic chip. 


e Complementary output gates 


e Typical gain of 5000 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


APPLICATIONS 


14-Pin Ceramic DIP 529/BCA ezuD canversion 


e ECL-to-TTL interface 
e TTL-to-ECL interface 
e Memory sensing 


BLOCK DIAGRAM 


STROBE A 


e Optical data coupling 


OUTPUT A 
INPUT A 


INPUT B 
OUTPUT B 


STROBE B 
BD02901S 


EQUIVALENT SCHEMATIC 


=~ J | 
1.5K 
; R3 


© STROBEA 


1.5K 
4 
D, D, 
Q; 


GND 
@ 


OUTPUT B 
O 


INPUT A 
O Q, 


: La” 
Q27 
Dg 
300 100 200 
Ry Re Rs Dy 


STROBE B 


© INPUT B 


TCO8063S 
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Voltage Comparator 529 


ABSOLUTE MAXIMUM RATINGS 


Power dissipation po 


DC ELECTRICAL CHARACTERISTICS V,+ = +10V, V;- =—10V, Vo+ = +5.0V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta = -55°C, +125°C UNIT 
[Min] typ | Max | Min | Typ | Max | 


Input Characteristics 


a 
Ca a 
lio 


Input offset current V,=0V LA 
Vicr Common mode voltage range 15 a5 V 


Gate Characteristics 
Vou Output voltage “1” State Vo+ = 4.5V, low = -1mMA 
VoL Output voltage “0” State Vo+ = 4.5V, lo, = 10mMA 
Ni -2 -2 mA 
50 200 A 
Strobe inputs “0” voltage Vot+ = 4.5V 0.8 0.8 Vv 
Strobe inputs “1” voltage Vot+ = 4.5V V 
Power Supply Requirements 
Vit 5 10 5 V 
Vi- -& -10 -6 V 
Vo+ 4.5 5.5 4.5 Vv 
Vit = 10V 
V;-=-10V 
Vo+ = +5.5V 


Strobe inputs “0” current? 
Strobe inputs “1” current 


Vo+ = 5.5V, Vstrope = 0.5V 
Vo+ = 5.5V, Vstrope = 2.7V 


Supply voltage comparator 
Supply voltage comparator 
Supply voltage gate 


Vi+ 
ly- 
lo+ 


Supply current comparator 
Supply current comparator 
Supply current gate 
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529 


AC ELECTRICAL CHARACTERISTICS V,+ = +10V, V;— =—10V, Vo+ = +5.0V, unless otherwise specified. 


Transient response propaga- 
tion delay time 


Low-—to-high 


High-toow 


At | Delay between output A and B | Output | Output 


ee 


Strobe delay time 
ton Turn—on time 
tot, Turn—off time 


NOTES: 


= +100mV step 
R, = 3902 
CL = 15pF 


1. Operation beyond the limit in this table may impair useful life of the device. 


2. See logic function table. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Currents vs Temperature 


PMT tT tt 
NT Ty tt 


| XJ BIAS CURRENT 
~~, 


INPUT CURRENT — yA 
SUPPLY CURRENT — mA 


-50-25 0 25 50 75 100 125 


TEMPERATURE — °C 
OP04030S 


Supply Current 
vs Supply Voltage 


OUTPUT 
VOLTAGE — V 


SUPPLY CURRENT — mA 


INPUT 
VOLTAGE — mV 


SUPPLY VOLTAGE (V;+,V;~) — VOLTS 


OP04060S 
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0 
+ 100 = 


Supply Current vs Temperature 


-50-25 0 25 50 75 100 


TEMPERATURE — °C 


OP04040S 


Output Propagation Delays 


v 
outeure YN 


ft overorve | 


ee ae Oe ee 
10°15 20 25 30 


TIME — ns 
OP04070S 
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POWER DISSIPATION — mW 


OUTPUT 
VOLTAGE — V 


INPUT 
VOLTAGE — mV 


Power Dissipation 
vs Supply Voltage 


V2* =5.0V 
Ta = 25°C 


SUPPLY VOLTAGE (V;*,V;~)— VOLTS 


OP04050S 


Response Time For 
Various Input Overdrives 


ae =10V,V1i~ = -10V 

V2* =5.0V rT | 

| | AVANSLAN | | 
RDRIVE 

dl 


A 
aman \ oi 
Lo 


| | | TAA 


Pt ft tT | tt 
| OVERDRIVE an ae 
ee ee a 


10 15 20 25 30 


TIME — ns 


OP04080S 
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Voltage Comparator 529 


TYPICAL TIME TEST CIRCUIT 


(V1 +) (V2 +) 
+10° v +5 


INPUT PROBE 50/50V ‘ : 50/50V 


TC08071S 


NOTES: 

CR1 -CR4 = IN914 Input 

R1 selected for 15:1 divider PRR = 1MHz 

R2, 3 selected for 100mV at Pin 4 Pw = 50ns C, = 25pF (including stray capacitance) 
T, = 7; = 2ns 
Amplitude = 3.00V 


527 LOGIC FUNCTION APPLICATIONS 


Vi One of the main features of the device is that 

(A+, B-) STROBE A STROBE B OUTPUT A OUTPUT B supply voltages (V+, V-) need not be bal- 
>Vo X hA H l/h 
<-Vo hi X Ih H 


anced, asin the following diagrams. For prop- 
er operation, however, negative supply (V—) 
should always be at least 6V more than the 
ground terminal (Pin 6). Input Common— 
Mode range should be limited to values of 2V 
less than the supply voltages (V+ and V-) up 
to a maximum of +6V as supply voltages are 
increased. 


It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 
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Voltage Comparator 529 


TYPICAL APPLICATIONS 


- 10V 
TC08080S 


TCO8090S 
Photodiode Detector ECL-to-TTL Interface 


VREF 
O 


TC08100S 


TC08110S 
MOS Memory Sense TTL-to-ECL Interface 
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DESCRIPTION 

The 555 monolithic timing circuit is a highly 
stable controller capable of producing ac- 
curate time delays, or oscillation. In the 
time delay mode of operation, the time is 
precisely controlled by one external resis- 
tor and capacitor. For astable operation as 
an oscillator, the free running frequency 
and the duty cycle are both accurately 
controlled with two external resistors and 
onecapacitor. The circuit may be triggered 
and reset on falling waveforms, and the 
output structure can source or sink up to 
200mA. 


FEATURES 
e Turn-off time less than 2u1s 


e Max. operating frequency greater 
than 500kHz 


e Timing from microseconds to hours 


EQUIVALENT SCHEMATIC 


NOTE: 
Pin numbers are for 8-Pin package. 
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290 


Timer 


Product Specification 


e Operates in both astable and 
monostable modes 


e High output current 
e Adjustable duty cycle 
e TTL compatible 


e Temperature stability of 
0.005% per °C 


APPLICATIONS 
e Precision timing 


e Pulse generation 

e Sequential timing 

e Time delay generation 

e Pulse width modulation 

e Pulse position modulation 
e Missing pulse detector 


CONTROL VOLTAGE 


Riz 


3 
© OUTPUT 
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PIN CONFIGURATION 


GND 


TRIGGER 


OUTPUT 


RESET 


NC 


TRIGGER 


OUTPUT 


NC 


THRESH- 


BPA Package 


BCA Package 


Vec 
DISCHARGE 
THRESHOLD 


CONTROL 
VOLTAGE 


CD09741S 


Voc 
NC 


DISCHARGE 
NC 
THRESHOLD 


NC 


CONTROL 
VOLTAGE 


CD09750S 


CONTROL 


BD02911S 
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Timer 555 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
14—Pin Ceramic DIP 555/BCA 
8—Pin Ceramic DIP 555/BPA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER 


DC ELECTRICAL CHARACTERISTICS Voc = +5V to Voc = +15V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS 


Supply voltage 


loc Supply current (low state)? Voc = 5V, Ry = 0° 
Voc = 15V, R, = 00 


Timing error (monostable) Ra = 2kQ to 100kQ 
Initial accuracy? 


Drift with temperature” ® 
Drift with supply voltage 
Timing error (astable) Ra, Re = 1kQ to 100kQ 
Initial accuracy? C =0.1pF 
At,/AT Drift with temperature?” Voc = 15V 
Ats/AVs Drift with supply voltage? 


Control voltage level Vec = + 15V 
Voc = +5V 
Threshold voltage Voc = + 15V 
Voc = +5V 2.7 4.0 
2 


ix __[Twatboweoron® | Vv=voev |__| 01 | 025 
5.0 5 


VrRIG Trigger voltage Voc = +15V 4.8 
Voc = +5V 1.45 
ITRIG Trigger current Vrrig = OV 
VRESET. Reset voltage® 
IRESET Reset current Vreset = 0.4V 
IRESET Reset current Vreset = OV 
Voc = +15V 
ISINK = 10mA 
Isink = 50mA 
Output voltage (low)'° Isink = 100mA 


Voc = +5V 
Isink = 8MA 
Isink = SMA 
Voc = +15V 
Isource = 100mA 
Voc = +5V 
lsource = 100mA 


Output voltage (high)'° 
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Timer 555 


AC ELECTRICAL CHARACTERISTICS Vcc = +5V, Voc = +15V, unless otherwise specified. 


1. Operation beyond the limits in this table may impair the useful life of the device. 
2. Supply current when output high typically 1mA less. 
3. Tested at Voc = +5V and Voc = +15V. 
4. This will determine the max. value of Ra + Re, for 15V operation, the max. total R = 10MQ, and for 5V operation, the max. total R = 3.4MQ. 
5. Specified with trigger input high. 
6. Time measured from a positive going input pulse from 0 to 0.8 X Vcc into the threshold to the drop from high to low of the output. Trigger is 
tied to threshold. 
. This parameter is guaranteed but not tested. 


7 
8. Testing performed at Ra = 100kQ only. 
9. 
1 


Testing performed at Ra = Rs = 1kQ only. 
0. For long term static operation, derate the sink and source currents to 50mA maximum. 
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Timer 555 


TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Pulse Width Supply Current vs Delay Time vs 
Required for Triggering Supply Voltage Temperature 


MINIMUM PULSE WIDTH (ns) 


SUPPLY CURRENT — mA 
NORMALIZED DELAY TIME 


-50-25 0 +25 +50 +75+100 +125 
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 


SUPPLY VOLTAGE — VOLTS TEMPERATURE — °C 


OP04091S OP04100S OP04110S 


Low Output Voltage vs Low Output Voltage vs Low Output Voltage vs 
Output Sink Current Output Sink Current Output Sink Current 


a ee td TT} | veer ev | 


| mhimsia 
oe Ee EY 
ae a os ol ae a BO Hs wt 
aed A | | 


” 
i 
a 
°o 
> 
| 
- 
> 
° 
> 


Vout — VOLTS 
Vout — VOLTS 


0.01 


1.0 2.0 5.0 10 20 
Isink — MA 
IsiInK — MA Isink — MA 


OP04120S OP04130S OP04140S 


High Output Voltage Drop vs Delay Time vs Propagation Delay vs 
Output Source Current Supply Voltage Voltage Level of Trigger Pulse 


Vcc Vout — VOLTS 
NORMALIZED DELAY TIME 
PROPAGATION DELAY — ns 


5V =Vcec = 15V 


LOWEST VOLTAGE LEVEL 
Isounce — MA SUPPLY VOLTAGE — V OF TRIGGER PULSE — XVcc 


OP04160S OP04170S 
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Timer 555 


TYPICAL APPLICATIONS 


555 OR 1/2 556 
DISCHARGE O 


__ CONTROL 
[ s VOLTAGE 


ai THRESHOLD O 
"|T .01 pF 
tL 


OUTPUT 


| OUTPUT 


TRIGGER O 


1.49 
—————— 
{Ra + 2Rp)C 


TC08130S 


Astable Operation 


555 OR 1/2 556 
DISCHARGE O 


___ CONTROL 
[ VOLTAGE 


THRESHOLD O 
Tr .O1LF 


OUTPUT 


_ OUTPUT 


TRIGGERO 


| 
| 
| 
| 
| 


O 
RESET AT =1.1RC 


TC08140S 


Monostable Operation 
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555 


TYPICAL APPLICATIONS (Continued) 


I 


NOTE: All resistor values are in Q. 


Trigger Pulse Width Requirements 


and Time Delays 

Due to the nature of the trigger circuitry, the 
timer will trigger on the negative going edge of 
the input pulse. For the device to time out prop- 
erly, itis necessary that the trigger voltage level 
be returned to some voltage greater than one 
third of the supply before the time out period. 
This can be achieved by making either the trig- 
ger pulse sufficiently short or by AC coupling 
into the trigger. By AC coupling the trigger (see 
Figure 1), a short negative going pulse is 
achieved when the trigger signal goes to 
ground. AC coupling is most frequently used in 
conjunction with a switch or a signal that goes to 
ground which initiates the timing cycle. Should 


December 11, 1987 


—P 
> | < DURATION OF TRIGGER PULSE 


SwiTCH GROUNDED 


TC08150S AT THIS POINT 


Figure 1. AC Coupling of the Trigger Pulse 


the trigger be held low, without AC coupling, for 
a longer duration than the timing cycle, the out- 
put will remain in a high state for the duration of 
the low trigger signal without regard to the 
threshold comparator state. This is due to the 
predominance of Q;5 on the base of Qg, con- 
trolling the state of the bistable flip-flop. When 
the trigger signal then returns to ahigh level, the 
output will fall immediately. Thus, the output sig- 
nal will follow the trigger signal in this case. 


Another consideration is the "turn-off time”. 
This is the measurement of the amount of time 
required after the threshold reaches 2/3 Vcc to 
turn the output low. To explain further, Q, at the 
threshold input turns on after reaching 2/3 Vcc, 
which then turns on Qs, which turns on Qg. Cur- 


53 


AS SEEN BY THE TIMER 


OP04180S 


rent from Qg turns on Q;¢ which turns Q)7 off. 
This allows current from Qjg to turn on Qa9 and 
Qo, to give an output low. These steps cause 


the 2L1s max. delay as stated in the data sheet. 


Also, a delay comparable to the turn-off time is 
the trigger release time. When the trigger is low, 
Qi Is on and turns on Q;,; which turns on Q4s. 
Q;5 turns off Q;, and allows Q;7 to turn on. This 
turns off current to Qo9 and Qo,, which results in 
output high. When the trigger is released, Qj 
and Q;, shutoff, Q;5 turns off, Qi. turns on and 
the circuit then follows the same path and time 
delay explained as "turn off time”. This trigger 
release time is very important in designing the 
trigger pulse width so as not to interfere with the 
output signal as explained previously. 


signetics 


Military Linear Products 


DESCRIPTION 

The 556-1 Dual Monolithic timing circuit is 
a highly stable controller capable of pro- 
ducing accurate time delays or oscillation. 
The 556-1 is adual 555. Timing is provided 
by’an external resistor and capacitor for 
each timing function. The two timers oper- 
ate independently of each other, sharing 
only Vcc and ground. The circuits may be 
triggered and reset on falling waveforms. 
The output structures may sink or source 
200mA. 


FEATURES 
e Turn-off time less than 21s 


e Max. operating frequency greater 
than 500kHz 


e Timing from microseconds to hours 
e Replaces two 555 timers 


e Operates in both astable and 
monostable modes 


BLOCK DIAGRAM 


DISCHARGE 


THRESHOLD 


CONTROL VOLTAGE 


RESET 


OUTPUT 


TRIGGER 


GROUND 


®Touch-Tone is a registered trademark of AT&T 
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Dual Timer 


Product Specification 


e High output current 
e Adjustable duty cycle 
e TTL compatible 


e Temperature stability of 
0.005% per °C 


APPLICATIONS 
e Precision timing 


e Sequential timing 

e Pulse shaping 

e Pulse generator 

e Missing pulse detector 

e Tone burst generator 

e Pulse width modulation 

e Time delay generator 

e Frequency division 

e Pulse position modulation 
e Touch tone encoder 
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PIN CONFIGURATION 


DISCHARGE [1 | 
THRESHOLD [2 | 


DESCRIPTION ORDER CODE 
14-Pin Ceramic DIP 556-1/BCA 


Voc 
DISCHARGE 


THRESHOLD 


CONTROL VOLTAGE 


RESET 


TRIGGER 
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Dual Timer 556—1 


EQUIVALENT SCHEMATIC (Shown for One Circuit Only) 


THRESHOLOC© 


TRIGGERO 


DISCHARGE © 


TC08171S 


ABSOLUTE MAXIMUM RATINGS 


a 
i 
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DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to +15V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS 


loc Supply current (low state)? Voc = +5V, Ry = 0° 
Voc = +15V, Ry = 2° 


Timing error (monostable) Ra = 2KQ to 100KQ 

Initial accuracy? C =0.1p1F 

Drift with temperature’”:'° T=1.1 RC 

Drift with supply voltage 

Timing error (astable) Ra, Rg = 1kQ to 100kQ 

Initial accuracy? C =0.1puF 

Drift with temperature’ Voc = +15V 
Ata/AVs Drift with supply voltage? 


Vo Control voltage level Voc = +15V 10.4 
Voc = +5V 3.8 
Vr Threshold voltage Voc = +15V 
Voc = +5V 
Threshold current* Vty = 10.6V 
Vrric Trigger voltage = 
ITRIG Trigger current 
VRESET Reset voltage® 
IRESET Reset current Vreset = 0.4V 
O Output voltage (low) 
ISINK = 10mA 
fe) 
fe) 


Isink = SOMA 
IsInK = 100mA 


Output voltage (high) Veco = +15V 
IsouRCE =—100mA 

Voc = +5V 
IsouRCE =-—100mA 


V Output voltage (low) Voc = +5V 
Isink = 8MA 
Isink = SMA 


Discharge leakage current 


Matching characteristics”: 8 
A Initial accuracy: ” 
Atp/AT Drift with temperature?” 
Atp/AVs __| Drift with supply voltage” 


H 
H 
L 
L 

H 
tp 
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Dual Timer 556—1 


AC ELECTRICAL CHARACTERISTICS Vcc = +5V to +15V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta = -55°C, +125°C 


a a 
tr Rise time of output’ 
te Fall time of output?” 

NOTES: 

1. Operation beyond the limits in this table may impair the useful life of the device. 

2. Supply current when output is high is typically 1.0mA less. 

3. Tested at Voc = 5V and Vcc = 15V. 

4. This will determine the max value of Ra + Rg,. For 15V operation, the max total R = 10MQ, and for 5V operation, the max total R = 3.4mQ. 

5. Specified with trigger input high. 

6. Time measured from a positive going input pulse from 0 to 0.4 Vgc into the threshold to the drop from high to low of the output. Trigger is tied 
to threshold. 

. This parameter is guaranteed, but not tested. 

. Matching characteristics refer to the difference between performance characteristics for each timer section in the monostable mode. 

9. Testing performed at Ra = Rg = 100kQ. 

10. Testing performed at Ra = 100kQ only. 


aon 


TYPICAL APPLICATIONS 

One feature of the dual timer is that by utilizing 
both halves it is possible to obtain sequential 
timing. By connecting the output of the first half 


to the input of the second half via a 0.001LUfd 
coupling capacitor sequential timing may be ob- 
tained. Delay t; is determined by the first half 
and tz by the second half delay. 


The first half of the timer is started by momen- 
tarily connecting Pin 6 to ground. When it is 
timed out (determined by 1.1R,C,) the second 
half begins. Its duration is determined by 
1.1R2Co. 

© OUTPUT 2 


All resistor values are in Q 


Sequential Timer 
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Dual Timer 556-1 


TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Pulse Width Supply Current High Output Voltage Drop 
Required for Triggering vs Supply Voltage vs Output Source Current 


MINIMUM PULSE WIDTH (ns) 


SUPPLY CURRENT — mA 
Vcc Vout — VOLTS 


mE 5V=Vcc = 15V 
oaeLtil | | Til 
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE eipin-Yourank. vote eaaeminh 


OP04191S OP04200S OP04210S 


Low Output Voltage Low Output Voltage Low Output Voltage 
vs Output Sink Current vs Output Sink Current vs Output Sink Current 


tI ff voor sev | 
Sc 


10 


| OT a 
ee 


” 
— 
a 
1) 
> 
| 
— 
> 
o 
> 


Vout — VOLTS 
Vout — VOLTS 


+ 125°C 


| nee annie 


SS ae a is ot Ct 


5.0 
Isink — MA Isink — MA 
IsiINK — MA 


OP04220S OP04230S OP04240S 


Delay Time Delay Time Propagation Delay vs Voltage 
vs Temperature vs Supply Voltage Level of Trigger Pulse 


NORMALIZED DELAY TIME 
NORMALIZED DELAY TIME 
PROPAGATION DELAY — ns 


-50 -—25 0 +25 +50 +75 + 100 + 125 
TEMPERATURE — °C SUPPLY VOLTAGE — V LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE — XVcc 
OP04270S 
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DESCRIPTION 

The 567 tone and frequency decoder is a 
highly stable phase-locked loop with syn- 
chronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained fre- 
quency within its detection band is present 
at the self-biased input. The bandwidth 
center frequency, and output delay are in- 
dependently determined by means of four 
external components. 


FEATURES 


e Wide frequency range 
(0.01Hz to 500kHz) 


e High stability of center frequency 


¢ Independently controllable 
bandwidth (up to 14%) 


e High out-band signal and noise 
rejection 


BLOCK DIAGRAM 


DETECTOR 


CURRENT 
CONTROLLED 
OSCILLATOR 


®Touch Tone is a registered trademark of AT & T. 
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4 


06/ 


Tone Decoder/Phase-Locked 


Loop 


Product Specification 


e Logic-compatible output with 
100mA current sinking capability 


e Inherent immunity to false signals 


e Frequency adjustment over a 
20-to-1 range with an external 
resistor 


APPLICATIONS 
e Touch Tone® decoding 


e Carrier-current remote controls 

e Ultrasonic controls (remote TV, etc.) 
e Communications paging 

e Frequency monitoring and control 

e Wireless intercom 

e Precision oscillator 
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PIN CONFIGURATION 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
14-Pin Ceramic DIP 567/BCA 
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Tone Decoder/Phase-Locked Loop 567 


EQUIVALENT SCHEMATIC 


= 7 


@ eee nweoees 


1 


47 Q46 line Q44 


R42 R3 
4.7K 
63 i Qs4 


Q 


w 
z 
c 


TC08190S 
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Tone Decoder/Phase-Locked Loop 567 


ABSOLUTE MAXIMUM RATINGS 


Fol PARAMETER RATING! UNIT 


er 
Outings cecerctoupavanioy) ———SSC*SSSCSS «dC 
Cig [emnompeaemg aw 
a 


DC ELECTRICAL CHARACTERISTICS Vcc = +5V, unless otherwise specified. 


SYMBOL | PARAMETER TEST CONDITIONS Ta =-55°C, #12500 | UNIT 
| Min | Typ | Max | Min | Typ | Max | 


Center Frequency? 
Highest center frequency 


Center frequency stability 
with temperature? 


Center frequency distribution fo = 100kHz ~ 1.1/R;C, 


Center frequency shift with 


Largest detection bandwidth 9 = 100kHz ~ 1.1/R,C, 


Largest detection bandwidth 
skew 


Largest detection bandwidth— 
variation with temperature Vi = 300mVaMs 
Largest detection bandwidth— 


variation with supply voltage V, = 300mVa_ms 


Input resistance 


V Smallest detectable input 
IN voltage 


IL = 100mA, fj = fp 
VIN Largest no—output input voltage IL = 100mA, fj = fo 


Greatest simultaneous outband 
Vop/Vip 


signal—to—inband signal ratio 


Minimum input signal to 
ViMIN/EN wideband noise ratio Bn = 140kHz 


Fastest on-off cycling rate 
"1" output leakage current 
"0" output voltage® 


Output fall time* 
Output rise time4 
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DC ELECTRICAL CHARACTERISTICS Vcc = +5V, unless otherwise specified. 


SYMBOL | PARAMETER TEST CONDITIONS Ta = +25°C Ta = -55°C, +125°C UNIT 
| min | tye | Max | min | Typ | Max 


Power Supply 


Operating voltage range 


Supply current quiescent 


Supply current — activated 


Quiescent power dissipation 


NOTES: 

1. Operation beyond limits in this table may impair the useful life of the device. 
2. Frequency determining resistor R; should be between 2 and 20kQ. 

3. Applicable over 4.75V to 5.75V. See graphs for more detailed information. 


4. Pin 8 to Pin 1 feedback R,_ network selected to eliminate pulsing during turn—on and turn-off. 
5. Guaranteed, but not tested. 


6. For long term static operation, derate the sink current to 85mA maximum. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Largest Detection 
Bandwidth vs Input Bandwidth vs Detection Bandwidth as 
Signal Amplitude Operating Frequency a Function of C2 and Cz 


106 


foC3 (Hz «F) 


” 
E 
> 
E 

| 
WW 
S 
< 
= 
! 
°o 
> 
- 
= 
a 
- 


foCo (Hz uF) 


LARGEST BANDWIDTH — % OF fp 


FOPTIONAL SENSITIVITY ADJUSTMENT 
=e cUTPOr REQUIRED 


<eéhe , ie et ai baw ~ ay ane 
BANDWIDTH — % OF f, CENTER FREQUENCY — kHz ° 


OP04280S OP04290S OP04300S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


SUPPLY CURRENT — mA 


TEMPERATURE COEFFICIENT 


Typical Supply Current vs 
Supply Voltage 


Sacare 
aap 
Pa “ON” CURRENT 
Bzava 
Le 
—T | 


25 


SUPPLY VOLTAGE — V 


OP04310S 


Typical Frequency Drift 
With Temperature 
(Mean and SD) 


TEMPERATURE — °C 


OP04340S 


Center Frequency Temperature 


Coefficient 
(Mean and SD) 


At=0°C TO 70°C [a 


5.0 5.5 6.0 6.5 


SUPPLY VOLTAGE — V 
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CYCLES 


Greatest Number of Cycles 


Before Output 


EXTERNAL RESISTOR 
(MINIMUM C>) 


BANDWIDTH 


Bria 

iZ LIMITED BY C2 
Lil 
5 10 


BANDWIDTH — % of fo 


OP04320S 


1 


Typical Frequency Drift 
With Temperature 
(Mean and SD) 


TEMPERATURE — °C 


OP04350S 


Center Frequency 

Shift With Supply 
Voltage Change vs 
Operating Frequency 


CENTER FREQUENCY — kHz 
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567 


Typical Output Voltage vs 


Temperature 
7 


I, = 100mA 


OUTPUT VOLTGE PIN 8 — V 


TEMPERATURE — °C 


Typical Frequency Drift 
With Temperature 
(Mean and SD) 


TEMPERATURE — °C 


OP04360S 


Typical Bandwidth Variation 
Temperature 


BANDWIDTH — % OF fy 


TEMPERATURE — °C 
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DESIGN FORMULAS 


1.1 
Ry Cy 


BW~1070 VY —™ in % of fo, 


Vi S$ 200MVeams foC2 


fo= 


Where 
V, = Input Voltage (Vays) 
C2 = Low-Pass Filter Capacitor (|1F) 


PHASE-LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 


The free-running frequency of the current—con- 
trolled oscillator (CCO) in the absence of an in- 
put signal. 


Detection Bandwidth (BW) 

The frequency range, centered about fo, within 
which an input signal above the threshold volt- 
age (typically 20mVpms) will cause a logical 
zero State on the output. The detection band- 
width corresponds to the loop capture range. 


Lock Range 

The largest frequency range within which an in- 
put signal above the threshold voltage will hold 
a logical zero state on the output. 


Detection Band Skew 

A measure of how well the detection band is 
centered about the frequency, fo. The skew is 
definedas (fax + fin = 2fy)/2fy where fax and 
fain are the frequencies corresponding to the 
edges of the detection band. The skew can be 
reduced to zeroif necessary by means ofan op- 
tional centering adjustment. 


OPERATING INSTRUCTIONS 

Figure 1 shows atypical connection diagram for 

the 567. For most applications, the following 

three-step procedure will be sufficient for 

choosing the external components R;, C1, Co 

and C3. 

1. Select R; and C; for the desired center fre- 
quency. for best temperature stability, R, 


should be between 2kQ and 20kQ., and the 
combined temperature coefficient of the 
R,C, product should have sufficient stability 
over the projected temperature range to 
meet the necessary requirements. 


2. Select the low pass capacitor, Co, by refer- 
ring to the Bandwidth versus Input Signal 
Amplitude graph. If the input amplitude vari- 
ation is known, the appropriate value of foCo 
necessary to give the desired bandwidth 
may be found. Conversely, an are of opera- 
tion may be selected on this graph and 
theinput level and C2 may be adjusted ac 
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TYPICAL RESPONSE 


OUTPUT 


OF05870S 
NOTE: 
Ri = 10022 


Response to 100MVrams Tone Burst 


OUTPUT 


DF05880S 
NOTES: 
S/N = -6dB 
R_ = 1002 
Noise Bandwidth = 140Hz 
Response to Same Input Tone Burst 


With Wideband Noise 


cordingly. For example, constant bandwidth 
operation requires that input amplitude be 
above 200mVaws. The bandwidth, as noted 
on the graph, is then controlled solely by the 


foC2 product (Fo (Hz), Co ([Ufd)). 


3. The value of C3 is generally non-critical. C3 
sets the band edge of a low pass filter which 
attenuates frequencies outside the detec- 
tion bandto eliminate spurious outputs. If C3 
is too small, frequencies just outside the de- 
tection band will switch the output stage on 
and off at the beat frequency, or the output 
may pulse on and off during the turn—on 
transient. If C3 is too large, turn-on and 
turn—off of the output stage will be delayed 
until the voltage on C3 passes the threshold 
voltage. (Such delay may be desirable to 
avoid spurious outputs due to transient fre- 
quencies.) A typical min. value for C4 is 2Co. 


4. Optional resistor Ro sets the threshold for 
the largest "no output” input voltage. A value 


of 130kQ is used to assure the tested limit of 
10mVams min. This resistor can be refer- 
enced to ground for increased sensitivity. 
The explanation can be found in the “option- 
al controls” section which follows. 
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Figure 1 


AVAILABLE OUTPUTS (Figure 2) 

The primary output is the uncommitted output 
transistor collector, Pin 8. When an in-band in- 
put signal is present, this transistor saturates: 
its collector voltage being less than 1.0V (typi- 
cally 0.6V) at full output current (100mA). The 
voltage at Pin 2 is the phase detector output 
which is a linear function of frequency over the 
range of 0.95 to 1.05 f,. with a slope of about 
20mV per percent of frequency deviation. The 
average voltage at Pin 1 is, during lock, a func- 
tion of the inband input amplitude in accordance 
with the transfer characteristic given. Pin 5 is 
the controlled oscillator square wave output of 
magnitude (+V —2Vge) = (+V -1.4V) having a 
DC average of +V/2. A 1kQ. load may be driven 
from Pin 5. Pin 6 is an exponential triangle of 
1Vp_p with an average DC level of +V/2. Only 
high impedance loads may be connected to Pin 
6 without affecting the CCO duty cycle or tem- 
perature stability. 


OPERATING PRECAUTIONS 

A brief review of the following precautions will 

help the user achieve the high level of perform- 

ance of which the 567 is capable. 

1. Operation in the high input level mode 
(above 200mV) will free the user from band- 
width variations due to changes in the in— 
band signal amplitude. The input stage is 
now limiting, however, so that out—band sig- 
nals or high noise levels can cause an ap- 
parent bandwidth reduction as the in-band 
signal is suppressed. Also, the limiting ac- 
tion will create in-band components from 
sub-harmonic signals, so the 567 becomes 
sensitive to signals at f)/3, f./5, etc. 


2. The 567 will lock onto signals near (2n + 1) 
fo, and will give an output for signals near (4n 
+ 1)f, where n=0, 1, 2, etc. Thus, signals at 
Sfp and 9f, can cause an unwanted output. If 
such signals are anticipated, they should be 
attenuated before reaching the 567 input. 
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3. Maximum immunity from noise and output 
band signals is afforded in the low input level 
(below 200mVpays) and reduced bandwidth 
operating mode. However, decreased loop 
damping causes the worse—case lockup 
time to increase, as shown by the Greatest 
Number of Cycles Before Output vs Band- 
width graph. 


> 


Due to the high switching speeds (20ns) as- 
sociated with 567 operation, care should be 
taken in lead routing. Lead lengths should 
be kept to a min. The power supply should 
be adequately bypassed close to the 567 


with a 0.01LF or greater capacitor; ground- 
ing paths should be carefully chosen to 
avoid ground loops and unwanted voltage 
variations. Another factor which must be 
considered is the effect of load energization 
on the power supply. For example, anincan- 
descentlamp typically draws 10 times rated 
current at turn—on. This can cause supply 
voltage fluctuations which could, for exam- 
ple, shift the detection band of narrow-band 
systems sufficiently to cause momentary 
loss of lock. the result is a low-frequency os- 
cillation into and out of lock. Such effects 
can be prevented by supplying heavy load 
currents from a separate supply or increas- 
ing the supply filter capacitor. 


SPEED OF OPERATION 


Min. lock-up time is related to the natural fre- 
quency of the loop. The loweritis, the longer be- 


OuTPUT 
(PIN 8) 


0 100 
IN-BAND 
NPUT 


| 
VOLTAGE 


Figure 2 
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Vv, 
THRESHOLD VOLTAGE 'e! 


comes the turn—on transient. Thus, max. oper- 
ating speed is obtained when Cz is at a mini- 
mum. When the signal is firstapplied, the phase 
may be such as to initially drive the controlled 
oscillator away from the incoming frequency 
rather than toward it. Under this condition, 
which is of course unpredictable, the lock-up 
transientis at its worst and the theoretical mini- 
mum lock-up time is not achievable. We must 
simply wait for the transient to die out. 


The following expressions give the values of Co 
and C3 which allow highest operating speeds 
for various band center frequencies. The mini- 
mum rate at which digital information may be 
detected without information loss due to the 
turn—on transient or output chatter is about 10 
cycles per bit, corresponding to an information 
transfer rate of f,/10 baud. 


C3 = JF 


In cases where turn-off time can be sacrificed 
to achieve fast turn—on, the optional sensitivity 
adjustment circuit can be used to move the 
quiescent C3 voltage lower (closer to the 
threshold voltage). However, sensitivity to beat 
frequencies, noise and extraneous signals will 
be increased. 


OP04400S 
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OPTIONAL CONTROLS (Figure 3) 

The 567 has been designed so that, for most 
applications, no external adjustments are re- 
quired. Certain applications, however, will be 
greatly facilitated if full advantage is taken of the 
added control possibilities available through the 
use of additional external components. In the 
diagrams given, typical values are suggested 
where applicable. For best results the resistors 
used, except where noted, should have the 
same temperature coefficient. Ideally, silicon 
diodes would be low-resistivity types, such as 
forward-biased transistor base-emitter junc- 
tions. However, ordinary low-voltage diodes 
should be adequate for most applications. 


SENSITIVITY ADJUSTMENT 
(Figure 3) 

When operated as a very narrow band detector 
(less than 8%), both Cz and C3 are made quite 
large in order to improve noise and outband sig- 
nal rejection. This will inevitably slow the re- 
sponse time. If, however, the output stage is 
biased closer to the threshold level, the turn-on 
time can be improved. This is accomplished by 
drawing additional current to Terminal 1. Under 
this condition, the 567 will also give an output for 
lower-level signals (10mV or lower). 


R 


$67 1 
ii 


DECREASE 
SENSITIVITY 


INCREASE 
SENSITIVITY 


DECREASE 
Re SSENSITIVITY 


K 
INCREASE 
SENSITIVITY 


Rc 
1.0K 


SILICON 
DIODES FOR 
TEMPERATURE 


COMPENSATION 
(OPTIONAL) 


TC08210S 


Figure 3 
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By adding current to Terminal 1, the output 
stage is biased further away from the threshold 
voltage. This is most useful when, to obtain 
maximum operating speed, Co and C3 are 
made very small. Normally, frequencies just 
outside the detection band could cause false 
outputs under this condition. By desensitizing 
the output stage, the outband beat notes do not 
feed through to the output stage. Since the input 
level must be somewhat greater when the out- 
put stage is made less sensitive, rejection of 
third harmonics or in-band harmonics (of 
lower—-frequency signals) is also improved. 


CHATTER PREVENTION (Figure 4) 

Chatter occurs in the output stage when C3 is 
relatively small, so that the lock transient and 
the AC components at the quadrature phase 
detector (lock detector) output cause the output 
stage to move through its threshold more than 
once. Many loads, for example lamps and re- 
lays, will not respond to the chatter. However, 
logic may recognize the chatter as a series of 
outputs. By feeding the output stage output 
back to its input (Pin 1) the chatter can be elimi- 
nated. Three schemes for doing this are givenin 
Figure 4. All operate by feeding the first output 


i a 


“OPTIONAL — PERMITS 
LOWER VALUE OF C, 


Figure 4 
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step (either on or off) back to the input, pushing 
the input past the threshold until the transient 
conditions are over. It is only necessary to as- 
sure that the feedback time constant is not so 
large as to prevent operation at the highest an- 
ticipated speed. Although chatter can always 
be eliminated by making C3 large, the feedback 
circuit will enable faster operation of the 567 by 
allowing C3 to be kept small. Note that if the 
feedback time constant is made quite large, a 
short burst at the input frequency can be 
stretched into a long output pulse. This may be 
useful to drive, for example, stepping relays. 


DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT (Figure 5) 


When itis desired to alter the location of the de- 
tection band (corresponding to the loop capture 
range) within the lock range, the circuits shown 
in Figure 5 can be used. By moving the detec- 
tion band to one edge of the range, for example, 
input signal variations will expand the detection 
bandin only one direction. This may prove use- 
ful when a strong but undesirable signal is ex- 
pected on one side or the other of the center fre- 
quency. Since Rg also alters the duty cycle 
slightly, this method may be used to obtain a 


RAISES fy 


TC08220S 
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precise duty cycle when the 567 is used as an 
oscillator. 


ALTERNATE METHOD OF BAND- 
WIDTH REDUCTION (Figure 6) 


Although a large value of Cz will reduce the 
bandwidth, it also reduces the loop damping so 
as to slow the circuit response time. This may 
be undesirable. Bandwidth can be reduced by 
reducing the loop gain. This scheme will im- 
prove damping and permit faster operation un- 
der narrow-band conditions. Note that the re- 
ducedimpedance level at Terminal 2 will require 
that a larger value of C2 be used for a given filter 
cutoff frequency. If more than three 567s are to 
be used, the network of Rg and Rc can be elimi- 
nated and the Ra resistors connected together. 
A capacitor between this junction and ground 
may be required to shunt high-frequency 
components. 


OUTPUT LATCHING (Figure 7) 

To latch the output on after a signal is received, 
it is necessary to provide a feedback resistor 
around the output stage (between Pins 8 and 1). 
Pin 1 is pulled up to unlatch the output stage. 


tV 
LOWERS fo 


Re 
2.5K 


RAISES fo 


Rc 
1.0K 


SILICON 
DIODES 

FOR 
TEMPERATURE 
COMPENSATION 
(OPTIONAL) 


TC08230S 


Figure 5 
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REDUCTION OF C1 VALUE (Figure 8) 
For precision very low-frequency applications, 
where the value of C; becomes large, an overall 
cost savings may be achieved by inserting a 
voltage follower between the R, C, junction and 
Pin 6, so as to allow a higher value of R; anda 
lower value of C, for a given frequency. 


PROGRAMMING 

To change the center frequency, the value of Ry 
can be changed with a mechanical or solid- 
state switch, or additional C; capacitors may be 
added by grounding them through saturating 
npn transistors. 


INPUT VOLTAGE MV — RMS 


NOTES: 

Component values (Typical) 
Ry = 26.8 to 15kQ 
DETECTION BAND — %of fp 


Ro = 24.7kQ 
R3 = 20kQ2 

C = 0.10mF 
Co = 1.0mF 5V 
C3 = 2.2mF 6V 
C4 = 250uF 6V 


OP04410S 


r 


OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 


+V 


sane 


TC08241S 


130] 10k+R |<, <1300f 10k+R 
fo R fo R 


Adjust control for symmetry of detection band edges 
about fo. 


UNLATCH 
TC08261S TC08271S 


NOTE: 


Adjust control for symmetry of detection band edges 
about fo. 


NOTE: 
Ca prevents latch-up when power supply is turned on. 


Figure 7. Output Latching 


Figure 6 
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TC08280S 


Figure 8. Precision VLF 


TYPICAL APPLICATIONS 


Y +5 to 15V 


60Hz AC LINE 
50-—200Vrms 


C427 pF 


INPUT SIGNAL 
(> 100mVrms) 


AUDIO OUT 
(IF INPUT IS 
FREQUENCY 
MODULATED) 


TC08291S 


Carrier-Current Remote Control or Intercom 


130 
C2=C2= (mfd) 
a= £297 
Cy =Cy 

Ry= 1.12 Ry 


TC08310S 
INPUT 


CHANNEL 24% Bandwidth Tone Decoder 
OR RECEIVER 


100mv (pp) 
SQUARE OR 
50m VRMS 
SINE INPUT 


“if 


TC08301S TC08320S 


Dual-Tone Decoder NOTES 
Ro = R,/5 
Adjust R; so that ¢= 90° with control midway. 


0° to 180° Phase Shifter 
NOTES: 
1. Resistor and capacitor values chosen for desired frequencies and bandwidth. 
2. If Cg is made large so as to delay turn-on of the top 567, decoding of sequential (f; fo) tones is possible. 
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TYPICAL APPLICATIONS (Continued) 


TERMINAL 


( 26%) 
CONNECT PIN 3 
TO 2.8V TO 
INVERT OUTPUT 


ali T" 


° 


TC08330S TC08340S 


TC08350S 
Oscillator With Quadrature Output Oscillator With Double Frequency Precision Oscillator With 20ns 
Output Switching 


TERMINAL 


ADJUST 


TC08360S TC08370S TC08381S 


Pulse Generator With 25% Duty Cycle Precision Oscillator to Switch 100mA 


Pul rator 
Loaiis ulse Generato 
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DESCRIPTION 

The 592 is a monolithic, two stage, differ- 
ential output, wideband video amplifier. It 
offers fixed gains of 100 and 400 without 
external components and adjustable 
gains from 400 to 0 with one external resis- 
tor. The input stage has been designed so 
that with the addition of a few external 
reactive elements between the gain select 
terminals, the circuit can function as a high 
pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use asa 
video or pulse amplifier in communica- 
tions, magnetic memories, display, video 
recorder systems, and floppy disk head 
amplifiers. 


FEATURES PIN CONFIGURATION 


e 120MHz bandwidth 
e Adjustable gains from 0 to 400 
e Adjustable pass band 


INPUT 2 


e No frequency compensation NC 
Gop GAIN 


required 


e Wave shaping with minimal external 
components 


APPLICATIONS 


. eee OUTPUT 2 
e Video amplifier 


e Pulse amplifier in communications 
e Magnetic memory 
e Video recorder systems 


ABSOLUTE MAXIMUM RATINGS 


EQUIVALENT SCHEMATIC 


Voc Supply voltage a: ee ee ae 
Differential input voltage V 
Common mode input voltage range V 
Tio | Output curen ee eo a 
| Po ____|_ Power dissipation SS 


INPUT 1 


NC 


Goa GAIN 
SELECT 
Gia GAIN 
SELECT 


v- 
NC 
OUTPUT 1 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
14-PIN Ceramic DIP 592/BCA 


O OUTPUT 1 


O OUTPUT 2 


TC08391S 
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ELECTRICAL CHARACTERISTICS Vsg = +6V, Voy = 0, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta = 55°C, +125°C 


UNIT 
are ree 
Differential voltage gain, 
standard part 
AbiF1 Gain 12 R, = 2kQQ, VIN = +5mV 
Gain 29 Ry = 2kQ), Vin = +25mV 


300 400 500 200 600 VV 
90 100 110 80 120 VV 
Bandwidth 


BW, Gain 12 40 
BW. Gain 2° 

Rise time 
ta; Gain 12 


Gain 23 


tro 
eo Propagation delay 
tep1 Gain 12 
tppe2 Gain 23 
Input resistance 
Gain 12 
Gain 23:5 
Input capacitance? 
Input offset current 


Input bias current 


Input noise voltage BW 1kHz to 10MHz 


Input voltage range 


Common mode rejection ratio 
Gain 2 


Gain 2 
Supply voltage rejection ratio 


Gain 2 


Output offset voltage 
Gain 1 
Gain 2 
Gain 34 
Output common mode voltage 
Output sink current 


Output voltage swing 
differential 


Vowt1V 
Vomt1V, f = SMHz 


20 
71.0 
60 
50 


2.4 
2.5 


3.0 


AVs = +0.5V 
Rs = 50Q, R, = 00 


Rs = 50Q, Ry =o0o 


Rp = 2kQ 


Output resistance 


Power supply current Ri = 0° 


NOTES: 

1. Operation beyond limits in the table may impair the useful life of the devices. 
2. Gain select Pins G;, and G;g connected together. 

3. Gain select Pins Goa and Gog connected together. 

4. All gain pins open. 

5. Guaranteed, but not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode Rejection Ratio Output Voltage Swing as 
as a Function of Frequency a Function of Frequency Pulse Response 


GAIN 2 , Vg= t6V Vs= tev 
Ta 2c ; Ta = 25°C 
. | TE EL FLL ++ 


OUTPUT VOLTAGE—V 


COMMON-MODE REJECTION RATIO—dB 
Fe a ae Pe ee 
ca) 
OUTPUT VOLTAGE SWING—Vpp 


-0.4 
5 10 50 100 “15 -10 - 5 10 15 20 25 30 35 
FREQUENCY—Hz FREQUENCY—MHz TIME—ns 


m 
= 


OP04421S OP04430S OP04440S 


Differential Overdrive Pulse Response as a Pulse Response as a 
Recovery Time Function of Supply Voltage Function of Temperature 


OVERDRIVE RECOVERY TIME—ns 
OUTPUT VOLTAGE—V 
OUTPUT VOLTAGE—V 


-0.4 S 
ng 20 40 60 80 100 120 140 160 180 200 = = = 10 15 20 25 30 35 “ = - 5 10 15 20 25 30 35 
DIFFERENTIAL INPUT VOLTAGE—mv TIME—ns TIME—ns 


OP04450S OP04460S OP04470S 


Voltage Gain as a Gain vs Frequency as a Voltage Gain as a 
Function of Temperature Function of Temperature Function of Supply Voltage 


i 


RELATIVE VOLTAGE GAIN 
SINGLE ENDED VOLTAGE GAIN—dB 
RELATIVE VOLTAGE GAIN 


Bil ; i 
i. 28 
125°C SRE RERE 
500 1 “3 4 5 6 
TEMPERATURE—° C FREQUENCY _-MHz SUPPLY VOLTAGE— tv 


OP04480S OP04490S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Gain vs Frequency 
as a Function of Voltage Gain Voltage Gain as a 
Supply Voltage Adjust Circuit Function of RADJ (Figure 3) 


1000 
Vs~ t6V 


SINGLE ENDED VOLTAGE GAIN—dB 
DIFFERENTIAL VOLTAGE GAIN—V/V 


Vs = +6V Ta = 25°C 


FREQUENCY—MHz OP04521S 


OP04510S OP04530S 


Output Voltage and Current 
Supply Current as a Supply Current as a Swing as a Function of 
Function of Temperature Function of Supply Voltage Supply Voltage 


SUPPLY CURRENT—mA 


« 
Oa 
>eE 
< 1 | 
E Or 
J zz 
> za 
wa oa 
x w> 
4 OO 
3 xs 
> oa 
z >r 
a ——) 
> 5a 
” at 
-2 
20 

° 


20 . 5.0 6.0 
TEMPERATURE—°C SUPPLY VOLTAGE— ‘Vv SUPPLY VOLTAGE— tV 


OP04540S OP04550S OP04560S 


Output Voltage Swing Input Resistance Input Noise Voltage 
as a Function of as a Function of as a Function of 
Load Resistance Temperature Source Resistance 


GAIN 2 
TS: 25°C = Vs= *6V 


uVrms 


OUTPUT VOLTAGE SWING—V pp 
INPUT RESISTANCE—K 
INPUT NOISE VOLTAGE— 


LOAD RESISTANCE— (2) TEMPERATURE—°C scuneE jeuanenee—n 


OP04570S OP04580S OP04590S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) TEST CIRCUITS 


Phase Shift as a Phase Shift as a 
Function of Frequency Function of Frequency 


Sept GAIN 2 
Vs= t6V 
SSCCEECEES 


TC08400S 


PHASE SHIFT—DEGREES 
1 ' 
PHASE SHIFT—DEGREES 
' ' 


FREQUENCY—MHz FREQUENCY—MHz 


OP04610S 
Voltage Gain as a TC08410S 


Voltage Gain as a Function of Frequency 
Function of Frequency (All Gain Select Pins Open) 


VOLTAGE GAIN—dB 
VOLTAGE GAIN—dB 


FREQUENCY—MHz FREQUENCY—MHz 


OP04630S 
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FILTER Vo (s) TRANSFER 
Z NETWORK TYPE V1 (s) FUNCTION 


R L 
o—— ASIII. LOW PASS 
s+R/L 


R Cc 
HIGH PA nani re ee 
1.4 x 104 8 
BAND PASS SSS 
L s2+R/L$+1/LC 


1.4 x 104 82+ 1/LC 
R s2 + 1/LC + s/RC 


Vols) ~ 
Vis) —-Z(8) + 2re BAND REJECT 


= 14Xx104 
Zs) . a TC08422S 


NOTES: 


In the networks above, the R value used is assumed to include 2rg, or approximately 3222. 
S$ =jw 
Ww = 2nt 


Filter Networks 


AMPLITUDE: 1-10 mV p-p | 
FREQUENCY: 1-4 MHz | 


TC08440S 


| 
READ HEAD | OIFFERENTIATOR/AMPLIFIER ZERO CROSSING DETECTOR NOTE: 
10084308 For frequency Fy << 27 (32)C 


dVi 
Vo = 1.4 X ar 


Differentiation With High Common 
Mode Noise Rejection 


DISC/Tape Phase Modulated Readback Systems 
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DESCRIPTION 

The 602 is a low-power VHF monolithic 
double-balanced mixer with input amplifi- 
er, on board oscillator, and voltage regula- 
tor. It is intended for high performance, 
low power communication systems. The 
guaranteed parameters of the 602 make 
this device particularly well suited for cel- 
lular radio applications. The mixer is a 
“Gilbert cell” multiplier configuration which 
typically provides 14dB of grain at 45MHz. 
The oscillator will operate to 20OMHz. It 
can be configured as acrystal oscillator, a 
tuned tank oscillator, or a buffer for an ex- 
ternal L.O. The noise figure at 45MHz is 
typically less than 5dB. The gain, inter- 
cept performance, low-power and noise 
characteristics make the 602 a superior 
choice for high-performance batter oper- 
ated equipment. 


BLOCK DIAGRAM 


February 16, 1989 


602 


Double-Balanced Mixer and 


Oscillator 


Product Specification 


FEATURES 


@ Low current consumption: 
2.4mA typical 


® High operating frequency 


e Excellent gain, Intercept and sensi- 
tivity 


© Excellent noise figure: 
<5.0dB typical at 45MHz 


© Low external parts count; suitable 
for crystal/ceramic filters 


APPLICATIONS 


® Cellular radio mixer/oscillator por- 
table radio 


© VHF transceivers 
e@ RF data links 
@ HF/VHF frequency conversion 


@ Instrumentation frequency conver- 
sion 


@ Broadband LANs 


BDO01801S 
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PIN CONFIGURATION 


INPUT A [7 
INPUT B [2 | 


18 | Voc 
[7] OSCILLATOR 
GROUND [3 | 


'6 | OSCILLATOR 


OUTPUT A [4] 5 | OUTPUT B 


ORDERING INFORMATION 


8-Pin Ceramic DIP 602/BPA 
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ABSOLUTE MAXIMUM RATINGS? 


SYMBOL PARAMETER RATING UNIT 
° 


“£5 t0 +150 
Operating ambient temperature range —55 to +125 


AC/DC ELECTRICAL CHARACTERISTICS Veg = 6V, -55°C < Ta < +125°C, Figure 1 


a 
ae 
ne 
a 


| Voc. | Powersupply voltage range | 
pe 
MHz 
MHz 
8 | 


LIMITS 


oe 
ee 
a 
SO 
[osalaortewsony 
[Rowefowedatiewre 
[Tic oermcentpont | Ane anh OG OS | 
[Convenionganatswe fC 
[RFinputresistance? =| 
input cape _ 

| a 


3 kQ 


5 
Pins ‘3 


4. Alltypical values are at +25°C only and Voc = 6.0V 

5. This parameter is guaranteed but not tested. 

6. Stresses above those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operations section or this specification is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


5 


DESCRIPTION OF OPERATION 
The 602 is a Gilbert cell, an oscillator/buffer, 
and a temperature compensated bias network 0.5 to 1.3uH 
as shown in the equivalent circuit. The Gilbert 
cell is a differential amplifier (Pins 1 and 2) 
which drives a balanced switching cell. The dif- 
ferential input stage provides gain and deter- 
mines the noise figure and signal handling 
performance of the system. 


The 602 is designed for optimum low power 
performance. When used with the 604A as a 
45M cellular radio 2nd IF and demodulator, 
the 602 is capable of receiving —119dBm sig- 
nals with a 12dB S/N ratio. Third—order inter- 
cept is typically —15dBm (that's approximately 
+5dBm output intercept because of the RF 
gain). The system designer must be congni- 
zant of this large signal limitation. When de- 
signing LANs or other closed systems where 
transmission levels are high, and small-signal 
or signal-to—noise issues not critical, the input 
to the 602 should be appropriately scaled. 


TC02701S 


Figure 1. Test Configuration 
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Besides excellent low power performance well 
into VHF, the 602 is designed to be flexible. The 
input, output, and oscillator ports can supporta 
variety of configurations provided the designer 
understands certain constraints, which will be 
explained here. 


The RF inputs (Pins 1 and 2) are biased inter- 
nally. They are symmetrical. The equivalent 
AC input impedance is approximately 1.5k Il 
3pF through 50MHz. Pins 1 and 2 can be used 
interchangeably, but they should not be DC 
biased externally. Figure 3 shows three typical 
input configurations. The mixer outputs (Pins 
4 and5) are also internally biased. Each out- 
put is connected to the internal positive 


supply by a 1.5kQ resistor. This permits direct 
output termination yet allows for balanced out- 
put as well. Figure 4 shows three single ended 
output configurations and a balanced output. 


The oscillator is capable of sustaining oscilla- 
tion beyond 200MHz in crystal or tuned tank 
configurations. The upper limit of operation is 
determined by tank “Q” and required drive lev- 
els. The higher the “Q” of the tank or the smaller 
the required drive, the higher the permissible 
oscillation frequency. If the required L.O. is be- 
yond oscillation limits, or the system calls for an 
external L.O., the external signal can be in- 
jected at Pin 6 through a DC blocking capacitor. 
External L.O. should be at least 200mV,, 5. 


TC02030S 


Figure 2. Equivalent Circuit 


ve 
i 


TC02040S 


a. Single-Ended Tuned Input 
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TCO02050S 


b. Balanced Input (For Attenuation 
of Second-Order Products) 


Figure 3. Input Configuration 
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Figure 5 shows several proven oscillator cir- 
cuits. Figure 5ais appropriate for cellular radio. 
As shown, an overtone mode of operation is uti- 
lized. Capacitor C3 and inductor L1 suppress 
oscillation at the crystal fundamental frequen- 
cy. In the fundamental mode, the suppression 
network is omitted. 


Figure 6 shows a Colpitts varacter tuned tank 
oscillator suitable for synthesizer—controlled 
applications. It is important to buffer the output 
of this circuit to assure that switching spikes 
from the first counter or prescaler do not end up 
in the oscillator spectrum. The dual—gate 
MOSFET provides optimum isolation with low 
current. The FET offers goodisolation, simplic- 
ity, andlow current, while the bipolar transistors 
provide the simple solution for non-critical 
applications. The resistive divider in the emit- 
ter—follower circuit should be chosen to provide 
the minimum input signal which will assure cor- 
rect system operation. 


When operated above 100MHz, the oscillator 
may not start if the Q of the tank is too low. A 


22kQ resistor from Pin 7 to groundwill increase 
the DC bias current of the oscillator transistor. 
This improves the AC operating characteristic 
of the transistor and should help the oscillator 


to start. 22kQ will not upset the other DC bias- 
ing internal to the device, but smaller resistance 
values should be avoided.. 


aI 


TCO2060S 


c. Single-Ended Untuned Input 
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2-10pF 
CFU455 
OR EQUIVALENT 
FILTER K&L38780 OR EQUIVALENT 
*Cr MATCHES 3.5KN TO NEXT STAGE. 


TC02010S TC02070S 


a. Single-Ended Ceramic Fiiter b. Single-Ended Crystal Filter 


= Pk 


TC02080S TCO2090S 


c. Single-Ended IFT d. Balanced Output 


Figure 4. Output Configuration 


TC02100S TC02110S TC02120S 


a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator c. Hartley L/C Tank Oscillator 
(Overtone Mode) 


Figure 5. Oscillator Circuits 
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TO 
BUFFER 


DC CONTROL VOLTAGE 
1000pF FROM SYNTHESIZER 


MV2105 
OR EQUIVALENT 


TC02130S 


(-——-o 


TO SYNTHESIZER 


TC02140S TC02150S TC02160S 


Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers 


0.5 to 1.34H 


44.545 MHz 
THIRD OVERTONE CRYSTAL 


SFG45SA3 
OR EQUIVALENT 


fa | | 2 | 
47pF 
INPUT {0.208 to 0.283uH 
220pF 
100nF 


Figure 7. Typical Application for Cellular Radio 


TC02020S 
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3RD ORDER 
INTERCEPT 
POINT 


V2 
| VAY 
IA yt | 
Z| freeones | 
ae 


dBm OUTPUT 


INTERCEPT (dBm) 
INPUT INTERCEPT dBm 


FUNDAMENTAL 
RESPONSE 


dBm INPUT Vec (VOLTS) 


OP01300S TEMPERATURE (°C) 


OP013'0S 
OP01320S 


Figure 8. 602 Third-Order 
Intermod and 1dB Compression 


Figure 9. Input Third-Order Figure 10. Third-Order Intercept 
Point Performance 


Intercept Point vs Vcc Point vs Temperature 


NOISE FIGURE VS TEMPERATURE AND VOLTAGE INDICATED GAIN VS TEMPERATURE AND VOLTAGE ICC VS TEMPERATURE AND VOLTAGE 


25 5.0 


20 4.5 


15 


4.0 


3.5 


3.0 


2.5 


NOISE FIGURE DB 
INDICATED GAIN DB 


40 80 0 40 80 


TEMPERATURE DEG C TEMPERATURE DEG C TEMPERATURE DEG C 
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DESCRIPTION 

The 604A is an improved monolithic 
low-power FM IF system incorporating 
two limiting intermediate frequency ampli- 
fiers, quadrature detector, muting, loga- 
rithmic received signal strength indicator, 
and voltage regulator. 


FEATURES 


e Low-Power consumption 3.3mA 
typical 


e Temperature compensated logarith- 
mic Received Signal Strength Indi- 
cator (RSSI) with a dynamic range 
in excess of 90dB 


e Two audio outputs — muted and 
unmuted 


e Low external component count; 
suitable for crystal/ceramic filters 


BLOCK DIAGRAM 
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604A 


High-Performance Low-Power 


FM IF System 


Product Specification 


e Excellent sensitivity: 1.5.V across 


input pins (0.22uV into 50Q match- 
Ing network) for 12dB SINAD (Sig- 
nal to Noise and Distortion ratio) at 
455kHz 


e 604A meets cellular radio specifica- 
tions 


APPLICATIONS 
e Cellular Radio FM IF 


e High Performance communications 
receivers 


e Intermediate frequency amplifica- 
tion and detection up to 25MHz 


e RF level meter 

e Spectrum analyzer 

e Instrumentation 

e FSK and ASK data receivers 


BDO01910S 
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PIN CONFIGURATION 


116] IF AMP INPUT 


IF AMP 
15 DECOUPLING 


MUTE INPUT] 3 | 


RSSI OUTPUT] 5 | 


MUTE AUDIO o 
OUTPUT 


MUTE AUDIO 
OUTPUT 


QUADRATURE g | 
INPUT 


12] LIMITER INPUT 

11] DECOUPLING 
LIMITER 
DECOUPLING 


UMITER 
i OUTPUT 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
16-Pin Ceramic DIP 604A/BEA 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Storage Temperature Range -65 to +150 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 
Power Supply Voltage 


SYMBOL PARAMETER TEST CONDITION 


| Min | 
a OC 
a Sc 
a ee ae 
ane re 


Mute Switch Input Threshold ON 
Mute Switch Input Threshold OFF 
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AC ELECTRICAL CHARACTERISTICS At-55°C to 125°C Vcc = +6V, unless otherwise stated. IF frequency = 455kHz; IF level = 


—47dBm, FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message 
weighted filter and de-emphasis capacitor. Test Circuit Figure 1. The Parameters listed 
below are tested using automatic test equipment to assure consistent electrical characteris- 
tics. The limits do not represent the ultimate performance limits of the device. Use of an 
optimized RF layout will improve many of the listed parameters. 


TEST CONDITION LIMITS UNIT 


2 | Max | 
puting CT 


| Min | 
ss 
| =20_ | 
| 60 
See 
aaa 

a 
| Signal-to-neiseratio | Ne modulation fornoise | 
ee 
ee de ee 
a: | 35 | 
- 
_ 
=e 
a 
ae 
a 
ee 


a 
a 
a 
re 
eeanenen 


te 
1.5 


Unmuted audio output impedance 


1. This parameter is guaranteed but not tested. 
2. All typical values at VCc = +6.0V, Ta = 25°C. 
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NE604A TEST CIRCUIT Fy 
| a | 
C4 
Cc, Rp Q = 20 LOADED 

C 2 Cs Ce r | 
INPUT R | | F 
2 

roles 14] [13] [12] f11] fio} | 9 | | | 

= 


= c 
C3 604A LL ’ I 


Cg 

S; e Rg Cc 

< I i} f}r" 

= C1 \ AUDIO 1 DATA 

OUTPUT OUTPUT 
T “a 
J = — e — — 
MUTE Vcc RSSI 
INPUT OUTPUT 
TC02451S 

NOTES: 
C1 10nF +80-20% 63V K10000-Z5V Ceramic C10 150pF + 2% 100V N1500 Ceramic 
C2 100nF +10% 50V C11 1nF+10% 100V K2000-Y5P Ceramic 
C3 100nF +10% 50V C12 6.8uF + 20% 25V Tantalum 
C4 100nF +10% 50V F1 455kHz Ceramic Filter Murata SFG455A3 
C5 100nF +10% 50V F2 455kHz IF Filter A2549 
C6 10pF +2% 100V NPO Ceramic R1 512+1% Y4aW Metal Film 
C7 100nF + 10% 50V R2 15002+1% YsW Metal Film 
C8 100nF + 10% 50V R3 15002 +5% YeW Carbon Composition 
C9 15nF +10% 50V R4 100k2+1% YsW Metal Film 


SIGNETICS 
604 TEST CKT PPO Os 
Gt) 


TT 33 7NGHOO (¢) 


SIGNETICS 
604 TEST cKT O © 
OO 


CD15410S CD15380S C015390S 


Figure 1. 604A Test Circuit 
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VOLTAGE 
REGULATOR 


CIRCUIT DESCRIPTION 

The 604A is avery high gain, high frequency de- 
vice. Correct operation is not possible if good 
RF layout and gain stage practices are not 
used. The 604A can not be evaluated indepen- 
dent of circuit, components, and boardlayout. A 
physical layout which correlates to the electrical 
limits is shown in Figure 1. This configuration 
can be used as the basis for production layout. 


The 604A is an IF signal processing system 
suitable for IF frequencies as high as 21.4MHz. 
The device consists of two limiting amplifiers, 
quadrature detector, direct audio output, muted 
audio output, and signal strength indicator (with 
log output characteristic). The sub-systems 
are shown in Figure 2. A typical application with 
45MHz input and 455kHz IF is shown in 
Figure 3. 


IF AMPLIFIERS 

The IF amplifier section consists of two log—li- 
miting stages. The first consists of two 
differential amplifiers with 39dB of gain and a 
small signal bandwidth of 41MHz (when driven 
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ere 
FULL WAVE 
RECT 


VOLTAGE! 
CURRENT 
CONVERTER 


Figure 2. Equivalent Circuit 


from a50Q source). The output of the first limit- 


eris alowimpedance emitter follower with 1kQ. 
of equivalent series resistance. The secondlim- 
iting stage consists of three differential 
amplifiers with a gain of 62dB anda small signal 
AC bandwidth of 28MHz. The outputs of the fi- 
nal differential stage are buffered to the internal 
quadrature detector. One of the outputs is avail- 
able at Pin 9 to drive an external quadrature 
capacitor and L/C quadrature tank. 


Both of the limiting amplifier stages are DC 
biased using feedback. The buffered output of 
the final differential amplifier is fed back to the 


input through 42kQ resistors. As shown in Fig- 
ure 2 the input impedance is established for 
each stage by tapping one of the feedback re- 


sistors 1.6kQ. from the input. This requires one 
additional decoupling capacitor from the tap 
point to ground. 


Because of the very high gain, bandwidth and 
input impedance of the limiters, there is a very 
real potential for instability at IF frequencies 
above 455kHz. The basic phenomenon is 
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shown in Figure 6. Distributed feedback (ca- 
pacitance, inductance and radiated fields) 
forms a divider from the output of the limiters 
back to the inputs (including the RF input). If this 
feedback divider does not cause attenuation 
greater than the gain of the forward path, then 
oscillation or low level regeneration is likely. If 
regeneration occurs, two symptoms may be 
present: (1) The RSSI output will be high with no 
signal input (should nominally be 250mV orlow- 
er), and (2) the demodulated output will 
demonstrate a threshold. Above a certain input 
level, the limited signal will begin to dominate 
the regeneration, and the demodulator will be- 
gin to operate in a “normal” manner. 


There are three primary ways to deal with re- 
generation: (1) Minimize the feedback by gain 
stage isolation, (2) lower the stage input imped- 
ances, thus’ increasing the feedback 
attenuation factor, and (3) reduce the gain. Gain 
reduction can effectively be accomplished by 
adding attenuation between stages. This can 
also lower the input impedance if well planned. 
Examples of impedance/gain adjustment are 
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shown in Figure 7. Reduced gain will result in cated with a 10GHz process with very small 


reduced limiting sensitivity. 


collector capacitance. It is advantageous in 


A feature of the 604A IF amplifiers, which is not some applications that the p hase shift changes 
specified is low phase shift. The 604A is fabri- Bbly slew Ceglees Over awice tange-ot Signe 
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SFG455A3 


| eee | 
0.1 uF 0.1 uF 
= 3rd OVERTURE 


—s © XTAL 


input amplitudes. Additional information will be 
provided in the upcoming product specification 
(this is a preliminary specification) when char- 
acterization is complete. 


0.1 uF 10 pF 


| 
| 
| 
be 


100K 


° 
RSSI 


IF INPUT (iV) (150002) 
1K 


RECOVERED AUDIO FOR 


+8 KHz PEAK DEVIATION) (dB) 


AM (80% MOD) 


(0 dB REF 


fe) 
= 
= 
9 
w 
o 
< 
d 
WwW 
b 3 
b 
| 
- 
= 
ce) 
° 
a) 
> 
< 


602 RF INPUT (dBm) (5012) 


C-MESSAGE 
FILTER 


TC02433S 


OP01452S 


Figure 3. Typical Application Cellular Radio (45MHz to 455kHz) 
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Figure 4. First Limiter Bias 


TC23200S 


TC23190S 


Figure 5. Second Limiter and Quadrature Detector 


Figure 6. Feedback Paths 


Stability Considerations 

The high gain and bandwidth of the 604A in 
combination with its very low currents permit 
circuit implementation with superior perform- 
ance. However, stability must be maintained 
and, to do that, every possible feedback mech- 
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anism must be addressed. These mechanisms 
are: 1) Supply lines and ground.,. 2) stray layout 
inductances and capacitances, 3) radiated 
fields, and 4) phase shift. As the system IF in- 
creases, so must the attention to fields and 
strays. However, ground and supply loops can- 
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not be overlooked, especially at lower 
frequencies. Even at 455kHz, using the testlay- 
out in Figure 1, instability will occur if the supply 
line is not decoupled with two high quality RF 


capacitors, a 0.1,1F monolithic right 
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x 


HIGH IMPEDANCE 


HIGH IMPEDANCE 


TC23180S 


7a. Terminating High Impedance Filters with Transformation to Low Impedance 


= ee 


= 
| RESISTIVE LOSS INTO BPF 


TC23170S 


7b. Low Impedance Termination and Gain Reduction 


at the VCC pin, and a 6.8,1F tantalum on the 
supply line. An electrolytic is not an adequate 
substitute. At 10.7MHz a 1[1F tantalum has 
proven acceptable with this layout. Every layout 
must be evaluated on its own merit, but don’t 
underestimate the importance of good supply 
bypass. 


At 455kHz, if the layout of Figure 1 or one sub- 
stantially similar is used, it is possible to directly 


Figure 7. Practical Termination 


connect ceramic filters t the input and between 
limiter stages with no special consideration. At 
frequencies above 2MHz, some input imped- 
ance reduction is usually necessary. Figure 7 
demonstrates a practical means. 


As illustrated in Figure 8, 430Q external resis- 


tors are applied in parallel to the internal 1.6kQ. 
load resistors, thus presenting approximately 


330Q. to the filters. 


The input filter is a crystal type for narrow-band 
selectivity. The filter is terminated with a tank 


which transforms to 330Q2. The interstage filter 
is a ceramic type which doesn't contribute to 
system selectivity, but does suppress wideband 
noise and stray signal pickup. In wideband 
10.7MHz IFs the input filter can also be ceram- 
ic, directly connected to Pin 16. 


TC23160S 


Figure 8. Crystal Input Filter with Ceramic Interstage Filter 
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In some products it may be impractical to utilize 
shielding, but this mechanism may be appropri- 
ate to 10.7MHz and 21.4MHz IF. One of the 
benefits of low current is lower radiated field 
strength, but lower does not mean non-exis- 
tent. A spectrum analyzer with an active probe 
will clearly show IF energy with the probe held in 
the proximity of the second limiter output or 
quadrature coil. No specific recommendations 
are provided, but mechanical shielding should 
be considered if layout, bypass, and input im- 
pedance reduction do not solve a stubborn 
instability. 

The final stability consideration is phase shift. 
The phase shift of the limiters is low, but there is 
phase shift contribution from the quadrature 
tank and the filters. Most filters demonstrate a 
large phase shift across their passband (espe- 
cially at the edges). If the quadrature detector is 
tuned to the edge of the filter passband, the 
combined filter and quadrature phase shift can 
aggravate stability. This is not usually a prob- 
lem, but should be kept in mind. 


Quadrature Detector 

Figure 5 shows an equivalent circuit of the 604A 
quadrature detector. It is a multiplier cell similar 
to a mixer stage. Instead of mixing two different 
frequencies, it mixes two signals of common 
frequency but different phase. Internal to the 
device, a constant amplitude (limited) signal is 
differentially applied to the lower portof the mul- 
tiplier. The same signal is differentially applied 
single ended to an external capacitor at Pin 9. 


There is a 90° phase shift across the plates of 
this capacitor, with the phase shifted signal 
applied to the upper port of the multiplier at Pin 
8. Aquadrature tank must be returned to ground 
through a DC blocking capacitor. 


The loaded Q of the quadrature tank impacts 
three fundamental aspects of the detector: Dis- 
tortion, maximum modulated peak deviation, 
and audio output amplitude. Typical quadrature 
curves are illustrated in Figure 10. The phase 
angle translates to a shift in the multiplier output 
voltage. 


Thus a small deviation gives alarge output with 
a high Q tank. However, as the deviation from 
resonance increases, the nonlinearity of the 
curve increases (distortion), and with too much 
deviation, the signal will be outside the quadra- 
ture region (limiting the peak deviation which 
can be demodulated). If the same peak devi- 
ation is applied to a lower Q tank, the deviation 
will remain in a region of the curve which is more 
linear (less distortion), but creates a smaller 
phase angle (smaller output amplitude). Thus 
the Q of the quadrature tank must be tailored to 
the design. Basic equations and an example for 
determining Q are shown below. This explana- 
tion includes first order effects only. 
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Frequency discriminator design 


equations for 604A 
Ui oe es (1a) 
Cp+Cs 


where (4 = (1b) 


V L (Cy + Cg) 


Q;=R(Co+ Cs) @ (1c) 


From the above equation, the phase shift 
between nodes 1 and 2, or the phase 
across Cg will be: 


b = ZVo- ZVN= tg! 


Figure 10. Is the plot of @ vs @ 
1 


It is notable that at @ = @,, the phase 
me: |’ 
shift is oy and the response is close to a 


straight line with a slope of 
AQ _ 201. 
A®@ @, 


The signal Vo would have a phase shift of 


- (=) ith t to the V 
ee rw with respect to the Vin. 


If Vin = A Sin oot (3) 


__ Vo=A 


Multiplying the two signals in the mixer, and 
low pass filtering yields: 


Vin ® Vo = A2Sin wt @ (4) 


after low pass filtering 


(6) 


0) Aw 
Vout 2Q (=). 20 (o+40 ul } 
OUT 1 ; | 1 ry 


For 2,0 << 
@ 


rola 


Which is the discriminated FM output. 


NOTE: AQ is the deviation frequency 
from the carrier (4. 


Ref. Krauss, Raab, Bastian; Solid State 
Radio Eng.: Wiley, 1980, p.311. Exam- 
ple: At 455kHz IF, with +5kHz FM devi- 
ation. The max/min normalized frequen- 
cy will be 


455 + 5kHz 
455 


= 1.010 or 0.990 


Go to the vs. normalized frequency curves 
(Figure 10) and draw a vertical 


; : @ 
straight line at (= ) = 1.01. 
; 


The curves with Q = 100, Q = 40 are not linear, 
but Q = 20 and less shows better linearity for 
this application. Too small Q decreases the am- 
plitude of the discrimination FM signal. 


(Eq. 6) 


—e Choose aQ = 20. 


The internal R of the 604A is 40k. From Eq. 
1c, and then 1b, it results that 


Cp + Cs = 174pF and L = 0.7mH. 
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A more exact analysis including the source re- 
sistance of the previous stage shows that there 
is aseries anda parallel resonance in the phase 
detector tank. To make the parallel and series 
resonances close, and to get maximum attenu- 
ation of higher harmonics at 455kHz IF, we have 
found that a Cs = 10pF and Cp = 164pF (com- 
mercial values of 150pF or 180pF may be 
practical), will give the best results. A variable 
inductor which can be adjusted around 0.7mH 
should be chosen and optimized for minimum 


distortion. (For 10.7MHz, a value of Cs = 1pF is 
recommended.) 


Audio Outputs 


Two audio outputs are provided. Both are PNP 


current—-to—voltage converters with 55kQ2 nom- 
inal internal loads. The unmuted output is 
always active to permit the use of signaling 
tones in systems such as cellular radio. The 
other output can be muted with 70dB typical at- 
tenuation. The two outputs have an internal 


180° phase difference. 


The nominal frequency response of the audio 
outputs is 300kHz. This response can be in- 
creased with the addition of external resistors 
from the output pins to ground in parallel with 
the internal 55k resistors, thus lowering the out- 
put time constant. Since the output structure is 
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a current—to—voltage converter (current is driv- 
en into the resistance, creating a voltage drop), 
adding external parallel resistance also has the 
effect of lowering the output audio amplitude 
and DC level. 


This technique of audio bandwidth expansion 
can be effective in many applications such as 
SCA receivers and data transceivers. Because 


the two outputs have a 180° phase relationship, 
FSK demodulation can be accomplished by ap- 
plying the two outputs differentially across the 
inputs of an op amp or comparator. Once the 
threshold of the reference frequency (or "no— 
signal” condition) has been established, the two 
outputs will shift in opposite directions (higher 
or lower output voltage) as the input frequency 
shifts. The output of the comparator will be the 
logic output. The choice of op amp or compara- 
tor will depend on the data rate. With high IF 
frequency (10MHz and above), and wide IF 
bandwidth (L/C filters) data rates in excess of 
4Mbaud are possible. 


RSSI 

The Received Signal Strength Indicator, or 
RSSI, of the 604A demonstrates monotonic 
logarithmic output over a range of 90dB. The 
signal strength output is derived from the 
summed stage currents in the limiting amplifi- 
ers. It is essentially independent of the IF 
frequency. Thus, unfiltered signals at the limiter 
inputs, spurious products, or regenerated sig- 
nals will manifest themselves as RSSI outputs. 
An RSSI output of greater than 250mV with no 
signal (or a very small signal) applied, is an indi- 
cator of possible regeneration or oscillation. 


In order to achieve optimum RSSI linearity, 
there mustbe a 12dBinsertion loss between the 
first and second limiting amplifiers. With a typi- 
cal 455kHz ceramic filter, there is anominal 4dB 
insertion loss in the filter. An additional 6dB is 
lostin the interface between the filter and the in- 
put of the second limiter. A small amount of 
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additional loss must be introduced with a typical 
ceramic filter. In the test circuit used for cellular 
radio applications (Figure 3) the optimum lin- 
earity was achieved with a 5.1kQ resistor from 
the output of the first limiter (Pin 14) to the input 
of the interstage filter. With this resistor from Pin 


14 to the filter, sensitivity of O.25L1V for 12dB SI- 
NAD was achieved. With the 3.6Q resistor, 


sensitivity was optimized at 0.22UV for 12dB 
SINAD with minor change in the RSSI linearity. 


Any application which requires optimized RSS| 
linearity, such as spectrum analyzers, cellular 
radio, and certain types of telemetry, will require 
careful attention to limiter interstage compo- 
nent selection. This will be especially true with 
high IF frequencies which require insertion loss 
or impedance reduction for stability. 


At low frequencies the RSSI makes an excel- 
Jent logarithmic AC voltmeter. 


For data applications the RSSI is effective as an 
amplitude shift keyed (ASK) data slicer. If a 
comparator is applied to the RSSI and the 
threshold set slightly above the no signal level, 
when an inband signal is received the compara- 
tor will be sliced. Unlike FSK demodulation, the 
maximum data rate is somewhat limited. An in- 
ternal capacitor limits the RSSI frequency 
response to about 10kHz. At high data rates the 
rise and fall times will not be symmetrical. 


The RSSI output is a current-to—voltage con- 
verter similar to the audio outputs. However, an 


external resistor is required. With a91kQ resis- 
tor, the output characteristic is 0.5V fora 10dB 
change in the input amplitude. 


Additional Circuitry 

Internal to the 604A are voltage and current reg- 
ulators which have been temperature 
compensated to maintain the performance of 
the device over a wide temperature range. 
These regulators are notaccessible to the user. 
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Figure 10. Phase vs. Normalized IF Frequency 
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DESCRIPTION 

The 605 is a high-performance monolithic 
low-power FM IF system incorporating a 
mixer/oscillator, two limiting intermediate 
frequency amplifiers, quadrature detector, 
muting, logarithmic received signal 
strength indicator (RSSI), and voltage reg- 
ulator. The 605 combines the functions of 
Signetics 602 and 604A, but features high- 
er mixer input intercept, higher IF band- 
width (21MHz) and _— temperature 
compensated RSSI and limiters permit- 
ting higher performance application. The 
605 is available in 20-lead dual-in-line 
300mil-package. 


FEATURES 

e Low-Power consumption 5.7mA 
typical at 6V 

e Mixer input to >500MHz 


e Mixer conversion power gain of 
13dB at 45MHz 


e Mixer noise figure of 4.6dB at 
45MHz 


e XTAL oscillator effective to 150MHz 
(LC. oscillator to GHz local oscilla- 
tor can be injected) 


e 102dB of limiter gain 


© 21MHz limiter small signal band- 
width 


e Temperature compensated logarith- 
mic Received Signal Strength Indi- 
cator (RSSI) with a dynamic range 
in excess of 90dB 


e Two audio outputs — muted and 
unmuted 


e Low external component count; 
suitable for crystal/ceramic filters 
e Excellent sensitivity: 0.22V into 


50Q matching network for 12dB 
SINAD (Signal to Noise and Distor- 
tion ratio) for 1kHz tone with RF at 
45MHz and IF. at 455kHz 


e ESD hardened 
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FM IF System 


Objective Specification 


APPLICATIONS 
e Cellular Radio FM IF 


e High Performance communications 
receivers 


e Single conversion VHF/UHF 
receivers 


e RF level meter 

e Spectrum analyzer 

e Instrumentation 

e FSK and ASK data receivers 

e Log amps 

e Wideband low current amplification 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
20—Pin DIP 605/BRA 


BLOCK DIAGRAM 
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CRYSTAL OSC | 3 | 
CRYSTAL OSC [4] 


MUTED 
Aupio out L8, 
UNMUTED 8 
AUDIO OUT 

QUADRATURE 

iN 10} 


PIN CONFIGURATION 


TOP VIEW 


120} MIXER OUT 
IF AMP 

i DECOUPLING 

18} IF AMP IN 


IF AMP 
DECOUPLING 
16} IF AMP OUT 


14] LIMITER IN 
LIMITER 

ik) DECOUPLING 

72] LIMITER 
DECOUPLING 


CD13082S 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Storage temperature range 


AC ELECTRICAL CHARACTERISTICS At -55°C to 125°C Veg = +6V, unless otherwise stated. IF frequency = 455kHz; IF level = 
—47dBm, FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message weighted filter and de-emphasis capacitor. Test Cir- 
cuit Figure 1. The Parameters listed below are tested using automatic test equipment to assure consistent electrical characteristics. The limits do 
not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the listed parameters. 


SYMBOL PARAMETER TEST CONDITION LIMITS 


| Min | Typ | Max | 
Mixer/Osc section (ext LO = 300mV) 


Conversion power gain Matched 14.5dBV step-up 


80. | 
Lae | 
Pe 
5002 source se ee 
p30 | 47 
| 35 | 
(18 | 


RF input resistance Single-ended input 


RF input capacitance 


ae 
(Pin 20) | 1.25 | 


Mixer output resistance 


50Q source 


IF amp gain ae 
500 source E_ 
80% AM KHZ = 
RF level 11808 _ 
THO =n 
S/N -noi i 


Signal-to-noise ratio No modulation for noise 


IF RSSI output, Rg = 100k! IF level = -118dBm 
IF level = -68dBm 
IF level = -18dBm 


Re = 100K Pin 16 
Limiter input impedance 
Muted audio output resistance 

RF/IF section (int LO) 


Unmuted audio level 4.5V = Vcc, RF level = -27dBm 
System RSSI output 4.5V = Voc, RF level = -27dBm 
NOTE: 


1. 604A data sheets refer to power at 50Q input termination; about 21dB less power actually enters the internal 1.5k input. 
—118dBm 
-68dBm 
—18dBm 
The 605 and 604A are both derived from the same basic die. The 605 performance plots are directly applicable to the 604A. 


1.5k input 
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CIRCUIT DESCRIPTION 

The 605 is an IF signal processing system suit- 
able for second IF or single conversion systems 
with input frequency as high as 1GHz. The 
bandwidth of the IF amplifier is about 40MHz, 


with 39.7dBV of gain from a 50Q source. The 
bandwidth of the limiter is about 28MHz with 


about 62.5dBV of gain from a 50Q source. 
However, the gain/bandwidth distribution is op- 


timized for 455kHz, 1.502 source applications. 
The overall system is well—suited to battery op- 
eration as well as high performance and high 
quality products of all types. 


The input stage is a Gilbert cell mixer with oscil- 
lator. Typical mixer characteristics include a 
noise figure of 5dB, conversion gain of 13dB, 
and input third order intercept of 10dBm. The 
oscillator will operate in excess of 1GHz in L/C 
tank configurations, either Harley or Colpitts. 
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For crystaloscillators, the Colpitts configuration 
is used up to 150MHz. 


The output of the mixer is internally loaded with 


a 1.5Q resistor permitting direct connection toa 
455kHz ceramic filter. The input resistance of 


the limiting IF amplifiers is also 1.5Q.. With most 
455Hz ceramic filters, no impedance matching 
network is necessary. To achieve optimum lin- 
earity of the log signal strength indicator, there 
must be a 12dBV insertion loss between the 
firstand second IF stages. If the IF filter or inter- 
stage network does not cause 12dBV insertion 
loss, a fixed or variable resistor can be added 
between the first IF output (Pin 16) and the inter- 
stage network. 


The signal from the second limiting amplifier 
goes to a Gilbert cell quadrature detector. One 
port of the Gilbert cell is internally driven by the 
IF. The other output of the IF is AC—coupled toa 
tuned quadrature network. This signal, which 


now has a 90% phase relationship to the inter- 
nal signal, drives the other port of the multiplier 
cell. 


Overall, the IF section has a gain of 90dB. For 
operation at intermediate frequencies greater 
than 455kHz, special care must be given to lay- 
out, termination, and interstage loss to avoid 
instability. 


The demodulated output of the quadrature de- 
tector is available at two pins, one continuous 
and one with a mute switch. Signal atenuation 
with the mute activated is greater than 60dB. 
the mute input is very high impedance and is 
compatible with CMOS or TTL levels. 


A log signal strength completes the circuitry. 
The output range is greater than 90dB and is 
temperature compensated. This log signal 
strength indicator exceeds the criteria for AMPs 


or TACs cellular telephone. 
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~25dB, 1500/50 PAD -100B, 50500 PAD -3.6dB, 929/501) PAD —10d0B, 50/501) PAD —364B, 1.56k/509) PAD 


ie 
i 
== curren 
a) 


EXTERNAL 
LOCAL “C" WEIGHTED 
OSCILLATOR AUDIO 


44.545 — MEASUREMENT 


CIRCUIT | c14 
: 4 if 


AUDIO UNMUTED 
AUDIO 


12 = 8.5uH TO 1.5uH 
R5. REQUIRED FOR AUTO. TEST EQUIP. ONLY 


Figure 1. 605 45MHz Test Circuit and Application Circuit (Relays as shown) Lo 


APPLICATION COMPONENT LIST 


C1 100pF NPO Ceramic C14 100nF +10% Monolithic Ceramic L2 0.5-1.3uH, 800nH nominal 

C2 390pF NPO Ceramic C15 10pF NPO Ceramic Coilcraft UNI-10/143-16J12S 

C5 100nF +10% monolithic Ceramic C17 100nF +10% Monolithic Ceramic Coilcraft SLOTTEN-04-01 

C6 22pF NPO Ceramic C18 100nF +10% Monolithic Ceramic Toko 113KN-2K353HM 

C7  1nF Ceramic C21 100nF +10% Monolithic Ceramic X1 44.545MHz Crystal ICM4712701 

C8 5.6pF NPO Ceramic (minimum) C23. 100nF +10% Monolithic Ceramic RQ =100k +1% 1/4W Metal Film 

C9 100nF +10% Monolithic Ceramic Fiti Ceramic Filter Murata SFG455A3 or equiv R17 5.1k 45% 1/4W Carbon Composition 
C10 15uF Tantalum (minimum) Fit2 Ceramic Filter Murata SFG455A3 orequiv R5 Not Used in Application 

C11 100nF +10% Monolithic Ceramic IFT1 455kHz (Ce = 180pF) RMC—2A6597H R10 100k +1% 1/4W Metal Film (optional) 
C12 15nF +10% Ceramic L1 147-160nH Coilcraft UNI-10/142-04J08S R11 100k +1% 1/4W Metal Film (optional) 


C13 150pF +2% N1500 Ceramic 
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a ereneee 605 DEMO BOARD 


CHD n> Com 


DC VOLTMETER 
HP339A DISTORTION 
aw) SCOPE ANALYZER 


Figure 2. 605 Application Circuit Set Up 


NOTES: 

1. C-message: The C-message filter has a peak gain of 100 for accurate measurements. Without the gain, the measurements may be affected 
by the noise of the scope and HP339 analyzer. 

2. Ceramic filters: The ceramic filters can be 30kHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or 16kHz 
CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter. 

3. RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz frequency deviation if you sue 16kHz fil- 
ters, or 8kHz if you use 30kHz filters. 


Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.22U1V or —120dBm at the RF input. 

Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout. 

RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and 
desigh. If the lowest RSSI voltage is 250mV or higher, it means the receiver is in regenerative mode. In that case the receiver sensitivity will 
be bad. 

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10—15uF or higher value tantalum 
capacitor on the supply pin, and grounded near the 44.545 MHz oscillator improves sensitivity by 2-3dB. 
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Figure 3. 605 Application Board at 25°C Figure 4. Component Placement for 605 Application Circuit 
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Figure 5. Layout for 605 Test and Application Board 
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DESCRIPTION 

The 5018 is a complete 8-bit digi- 
tal-to-analog converter subsystem on one 
monolithic chip. The data inputs have in- 
put latches, controlled by a latch enable 
pin. The data and latch enable inputs are 
ultra-low loading for easy interfacing with 
all logic systems. The latches appear 
transparent when the LE input is in the low 
state. When LE goes high, the input data 
present at the moment of transition is 
latched and retained until LE again goes 
low. This feature allows easy compatibility 
with most microprocessors. 


The chip also comprises a stable voltage 
reference (5V nominal) and high slew rate 
buffer amplifier. The voltage reference 
may be externally trimmed with a poten- 
tiometer for easy adjustment of full scale, 
while maintaining a low temperature coef- 
ficient. 


The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 


BLOCK DIAGRAM 


VReF 
(13) out 
VReF 
1 
ria ADJ 


(10) 
cE 


Q? msBO 


9018 


8-Bit uP-Compatible D/A 


Converter 


Product Specification 


FEATURES 
e 8-bit resolution 


e Input latches 

e Low-loading data inputs 

e On-chip voltage reference 

e Output buffer amplifier 

e Accurate to + '/, LSB (0.19%) 
¢ Monotonic to 8 bits 


e Amplifier and reference both 
short-circuit protected 


e¢ Compatible with 8085, 6800 and 
many other u.Ps 


APPLICATIONS 
e Precision 8-bit D/A converters 


e A/D converters 

e Programmable power supplies 
e Test equipment 

e Measuring instruments 

e Analog-digital multiplication 


(1) 


(9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 
0B7 086 0B5 084 0B3 0B2 0B1 DBO GNO 


Oo O Oo Oo e) O O.LSB Oo 


LATCHES AND 
SWITCH DRIVERS 


20) SUM 
(2) Nooe © 


(18) Your O iS 


AMP. 5K + 
2) come © = 


DAC CURRENT 


ANALOG 
(22) GNO. 9 


VREF 
14 
me) in © 


(17) 
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PIN CONFIGURATION 


DIGITAL GND | 1 | 


ANALOG GND 
DBO (LSB) AMP. COMP. 


SUM NODE 


116] DAC COMP. 


115] BIPOLAR OFFSET R 


113] Vaer OUT 
Vrer ADV. 


CD09820S 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
22-Pin Ceramic DIP 5018/BWA 
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ABSOLUTE MAXIMUM RATINGS 


Tv _] 
[cc | Newsivenuppywetags —SSSCSCSC“~S~“‘—‘S*SC‘~‘~s~wrCSS BS 
BC 
A 

: aad 


Voltage at sum node ee a 
Short-circuit current to ground at Vae¢ OUT 
Short-circuit current to ground or either supply at Vout 
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DC ELECTRICAL CHARACTERISTICS Vcc+ = +15V, Voc- = -15V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS? 
Resolution 
Monotonicity 

AFS Relative accuracy 


Vect+ Positive supply voltage 
Voc- Negative supply voltage 
V 


IH Logic “1” input voltage Pin 1 = GND 
Vit Logic “O” input voltage Pin 1 = GND 
H Logic “1” input current Pin 1 = GND, 
2V < V; < 18V 
L Logic “O” input current Pin 1 = GND, 
-5V <v; <0.8V 
Ves Full scale output-voltage Unipolar operation 
Vrer in = 5.000V 
Ves Full scale output voltage Bipolar operation 
Veer in = 5.000V 
Vzs Zero scale voltage Bipolar operation 


I 
I 


Voc = -15V, 
elves power supply 13.5V < Voc + S$ 16.5V 
rejection (+) external Vrer IN = 5.000V 


Output power supply Vect = -15V, 
rejection (-) -13.5V < Voc- S -16.5V, 


external Veer jn = 5.000V 


cc 
cc 


Full scale temperature Vrer in = 5.000V 
coefficient 


Zero scale temperature 
coefficient 


lRer Reference output current? . 
IREFSC Reference short circuit current VrerF out = OV 


Reference power supply Vec- = -15V 
rejection (+) 13.5V < Voct+ € 16.5V, 0.01 SERIES 


lREF = 1.0mA 

Ref Vect+ = -15V, 

fe ala -13.5V S Voc- $ 16.5V, | 0.01 01 | %FR%VS 
IREF =1.0mA 


VREF Reference voltage lIReF = 1.0mA 
AY peg/AT Reference voltage temperature lIRper = 1.0mMA 
coefficient 
DAC Veer IN input impedance lIRer = 1.0MA 


15 


ge 
nm 
on 


oO 


Positive supply current Voct = 15V 
Negative supply current Voc- = -15V 


Power dissipation IReF = 1.0mA, 
Voc = £15V 


> 
Ww 
on 


ae) ‘ 
ni = sg 
oO 
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AC ELECTRICAL CHARACTERISTICS Voc+ = +15V, Voc- = -15V, unless otherwise specified. 


SYMBOL | PARAMETER er TEST CONDITIONS Ta = 55°C, +125°C 


Setting time4 All bits low-to-high® 
Setting time® All bits high-to-low* 
Propagation delay* All bits switched low-to-high 
Propagation delay® All bits switched high-to-low 
Propagation delay*: 5 1 LSB change? 
Propagation delay® low-to-high transition 
Propagation delay’ high-to-low transition 
Setup time? § 
Hold time? 8 
Latch enable pulse 
width?: 8 

NOTES: 

1. Operation beyond limits in the table may impair the useful life of the device. 

2. Refer to Figure 2. 

3. Refer to Figure 3. 

4. See Figure 6. 

5. See Figure 7. 

6. See Figure 8. 

7. See Figure 9. 

8. See Figure 10. 

9. For reference currents > 3mA, use of an external buffer is required. 
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TEST CONFIGURATIONS AND WAVEFORM DEFINITIONS 


0.47 ,F 


98765432 
10 O1IG.GNO 1 


DIG GND 1 
VREF IN ANA GNO 22 


ANA. GND 22 
VREF OuT 


OUTPUT 


TC08453S 


Figure 3. AC Parametric Test Configuration “°°” 


98765432 19 


98765432 19 10 DIG. GND 1 


10 OIG. GND 1 


14 VREF IN ANA. GND 22 
14 VREF IN ANA. GND 22 


13. VREF OuT 
13. VREF OUT 


5 12. VREF ADJ 
12. VREF ADU OUTPUT 


BIP. OFFSET 
18 


FULL SCALE 
ADJUST 


ZERO SCALE 


ADJUST ZERO SCALE 


ADJUST 


Figure 4. Full/Zero Scale Adjust-Unipolar Output (0 - 10V) Figure 5. Bipolar Output Operation (-5 to +5V) 


P 
iid OUTPUT 


WF 15400S 


Figure 6. Setting Time and Propagation Delay, 
Low-to-High Data 


WF15410S 


Figure 7. Setting Time and Propagation Delay 
High-to-Low Data 
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TEST WAVEFORM DEFINITIONS 


OUTPUT 


WF 15420S WF 15430S 


Figure 8. Propagation Delay, Latch Enable to Output Figure 9. Propagation Delay, Latch Enable to Output 


~e- 8 oe 


= 


WF 15440S 


Figure 10. Latch Enable Pulse Width, Setup and Hold Times 
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DESCRIPTION 

The 5205 is a high-frequency amplifier 
with a fixed insertion gain of 20dB. The 
gain is flat to +0.5dB from DC to 450MHz, 
and the -3dB bandwidth is greater than 
600MHz. The 5205 operates with a single 
supply of 6V, and only draws 31 mA of sup- 
ply current which is much less than com- 
parable hybrid parts. The noise figure is 
typically 4.8dB ina 75Q system and 6aB in 
a 50Q system. 


Until now, most RF or high-frequency de- 
signers had to settle for discrete or hybrid 
solutions to their amplification problems. 
Most of these solutions required trade-offs 
that the designer had to accept in order to 
fuse high-frequency gain stages. These 
include high-power consumption, large 
component count, transformers, large 
packages with heat sinks, and high part 
cost. The 5205 solves these problems by 
incorporating a wideband amplifier on a 
single monolithic chip. 


The part is well matched to 50Q or 75Q in- 
put and output impedances. The Standing 
Wave Rations in50Q and 75Q systems do 
not exceed 1.5 on either the input or output 
over the entire DC to 400MHz operating 
range. 


No external components are needed other 
than AC coupling capacitors because the 
5205 is internally compensated and 
matched to 50Q and 75Q. The amplifier 
has very good distortion specifications, 
with second and third-order intermodula- 
tion intercepts of +24dBm and +17dBm re- 
spectively at 100MHz (typical values). 
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Product Specification 


The part is matched well for 50Q2 test 
equipment such as signal generators, os- 
cilloscopes, frequency counters and all 
kinds of signal analyzers. Other applica- 


tions at 50Q include mobile radio and da- 
ta/video transmission in fiber optics, as 
well as broadband LANs and telecom 
systems. Again greater than 20dB can be 
achieved by cascading additional 5205’s 
in series as required, without any degrada- 
tion in amplifier stability. 


FEATURES 

e 650MHz bandwidth 

e 20dB insertion gain 

e 4.8dB (6dB) noise figure Zo = 75Q 
(Zo = 50Q) 

e No external components required 


e Input and output impedances 
matched to 50/75Q systems 


APPLICATIONS 
e Antenna amplifiers 


e Amplified splitters 

e Signal generators 

e Frequency counters 
e Oscilloscopes 

e Signal analyzers 

e Broadband LANs 

e Fiber optics 

e Modems 

e Mobile radio 

e Telecommunications 
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PIN CONFIGURATION 


TOP VIEW 


CD12760S 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
8-Pin Ceramic DIP 5205/BPA 


853-0815 FO2655 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
V 


Supply voltage 


AC input voltage 
Storage temperature range 


EQUIVALENT SCHEMATIC 


TCO08490S 


SUPPLY CURRENT—mA 
NOISE FIGURE - dB 


6 8 492 2 


FREQUENCY — MHz 


OP04640S 


Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency 
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5205 


ELECTRICAL CHARACTERISTICS Veg = 6V, Zs = 2, = Zo = 50Q, unless otherwise specified. 


SYMBOL PARAMETER 


Supply current 
Insertion gain 

Input return loss!» 2 
Input return loss! 
Output return loss!» 2 


Output return loss! 


On)” 
w» Ih 


Bandwidth 
Bandwidth 
Noise figure. 
Noise figure 
Psat Saturated output power 
Psat 1dB gain compression 


Second-order intermodulation 
intercept (output) 


Third—order intermodulation 
intercept (output) 


NOTES: 


1 to 400MHz 
1 to 300MHz 
1 to 400MHz 
1 to 300MHz 


1. This parameter/test condition is guaranteed but not tested. 


2. Typical value is for 1OOMHz operation. 


THEORY OF OPERATION 
The design is based on the use of multiple feed- 
back loops to provide wideband gain together 
with good noise figure and terminal impedance 
matches. Referring to the circuit schematic in 
Figure 3, the gain is set primarily by the equa- 
tion: 

V 


Vy 

which is series—shunt feedback. There is also 
shunt-series feedback due to Reo and Reo 
which aids in producing wideband terminal im- 
pedances without the need for low value input 
shunting resistors that would degrade the noise 
figure. For optimum noise performance, Re; 
and the base resistance of Q; arekeptaslowas 
possible while Reo is maximized. 


= (Rey + Rey)/Rey (1) 


The noise figure is given by the following equa- 


tion: 
[tasers KT ] 
2q\c1 


NF = 10 Log {1+ } 2qlcy dB (2) 


where 1c; = 5.5mA, Re; = 12Q, rg = 130Q, 
KT/q = 26mV at 25°C and Ro = 50 for a 50Q 
system and 75 for a 75Q system. 


The DC input voltage level V; can be deter- 
mined by the equation: 


Vy = Veer + (Icy + 103)Re_y (3) 
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where Re; = 12Q, Vag =0.8V, Io} =5mAandlco3 
= 7mA (currents rated at Voc = 6V). 


Under the above conditions, V)is approximately 
equal to 1V. 


Level shifting is achieved by emitter-follower 
Qg3 and diode Q, which provide shunt feedback 
to the emitter of Q; via Re;. The use of an emit- 
ter—follower buffer in this feedback loop essen- 
tially eliminates problems of shunt feedback 


loading on the output. the value of Re; = 140Q 
is chosen to give the desired nominal gain. The 
DC output voltage Vo can be determined by: 


Vo = Voc — (Ic2 + Ice) Re (4) 


where Voc = BV, Ro = 225Q), Ico = 7MA and log = 
5mA. 


From here itcan be seen that the output voltage 
is approximately 3.3V to give relatively equal 
positive and negative output swings. Diode Qs 
is included for bias purposes to allow direct cou- 
pling of Reo to the base of Q;. The dual feed- 
back loops stabilize the DC operating point of 
the amplifier. 


The output stage is a Darlington pair (Q, and 
Q>) which increases the DC bias voltage on the 
input stage (Q;) to a more desirable value, and 
also increases the feedback loop gain. Resistor 
Ro optimizes the output VSWR (Voltage Stand- 
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ing Wave Ratio). Inductors L; and L2 are bond- 
wire and lead inductances which are roughly 
3nH. These improve the high frequency imped- 
ance matches at input and output by partially 
resonating with 0.5pF of pad and package ca- 
pacitance. 


POWER DISSIPATION 
CONSIDERATIONS 


When using the part at elevated temperature, 
the engineer should consider the power dissi- 
pation capabilities of each package. With this in 
mind, the following equation can be used to esti- 
mate the die temperature: 


Ty = Ta + (Pp X Oya) 

where Ta = Ambient Temperature, Ty = Die 
Temperature, Pp = Power Dissipation = Icc x 
Voc, Ojaq = Package Thermal Resistance. 


At the nominal supply voltage of 6V, the typical 
supply currentis 25mA (30mA Max). For opera- 
tion at supply voltages other than 6V, see Figure 
1 for log versus Vcc curves. The supply current 
is inversely proportional to temperature and va- 
ries no more than 1mA between 25°C and ei- 
ther temperature extreme. The change is 0.1% 
per °C over the range. 


The recommended operating temperature 
ranges are air—-mount specifications. 
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5205 


Figure 3. Schematic Diagram 


PC BOARD MOUNTING 

In order to realize satisfactory mounting of the 
5205 to a PC board, certain techniques need to 
be utilized. The board must be double-sided 
with copper and all pins must be soldered to 
their respective areas (i.e., all GND and Vcc 
pins). The power supply should be decoupled 
with a capacitor as close to the Vcc pins as pos- 
sible and an RF choke should be inserted be- 
tween the supply and the device. Caution 
should be exercised in the connection of input 
and output pins. Standard microstrip should be 
observed wherever possible. there should be 
no solder bumps or burrs or any obstructions in 
the signal path to cause launching problems. 
The path should be as straight as possible and 
lead lengths as short as possible from the part 
to the cable connection. Another important con- 
sideration is that the input and output should be 
AC coupled. This is because at Vcc = 6V, the in- 
put is approximately at 1V while the outputis at 
3.3V. The output must be decoupled into a low 
impedance system or the DC Bias onthe output 
of the amplifier will be loaded down causing loss 
of output power. This circuit is shown in Figure 
4. Follow these recommendations to get the 
best frequency response and noise immunity. 
The board design is as important as the inte- 
grated circuit design itself. 
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The most important parameter is So. It is de- 
fined as the square root of the power gain, and, 
in decibels, is equal to voltage gain as shown 
below: 


Zp = Z; = Zo for the 5205 


O 2 

p,. Ve 5205/-O , Vo 

20 © Zp 5 2p 
Vo? 


P; = Insertion Power Gain 
V; = Insertion Voltage Gain 


Measured value for the 5205 = | Soy | 2= 100 
P| = p= | Sa | 2 = 100 


and V =~ = if Pp=S3= 10 
| 
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RF CHOKE 


DECOUPLING 
L CAPACITOR 


Vin O—- —O Vour 


AC AC 
COUPLING COUPLING 
CAPACITOR CAPACITOR 


TC08510S 


Figure 4. 
Circuit Schematic for Coupling 
and Power Supply Decoupling 


In decibels: 


Pia) = 10 Log | So; | 2 = 200B 
VidB) = 20 Log Sa; = 20dB 


Pag) = Vids) = Soria) = 200B 


Also measured on the same system are the re- 
spective voltage standing wave ratios. These 
are shown in Figure 6. The VSWR can be seen 
to be below 1.5 across the entire operational | 
frequency range. 


Relationships exist between the input and out- 
putreturn losses and the voltage standing wave 
ratios. these relationships are as follows: 


INPUT RETURN LOSS = S;,; dB 
Si dB = 20 Log | $44 | 

OUTPUT RETURN LOSS = Soo dB 
Sop dB = 20 Log | Sz | 


| 14+S$44 | 
INPUT VSWR = $1.5 
| 1-Si, | 
| 1+S4; | 
OUTPUT VSWR = £15 
| 1-S1 | 
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1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 


The 1dB gain compression is ameasurement of 
the output power level where the small-signal 
insertion gain magnitude decreases 1dB from 
its low power value. The decrease is due to non- 
linearities in the amplifier, and indication of the 
point of transition between small-signal opera- 
tion and the large signal mode. 


The saturated output power is a measure of the 
amplifier's ability to deliver power into an exter- 
nal load. It is the value of the amplifier’s output 
power when the input is heavily overdriven. 
This includes the sum of the power in all har- 
monics. 


INTERMODULATION INTERCEPT 
TESTS 


The intermodulation intercept is an expression 
of the low level linearity of the amplifier. the in- 
termodulation ratio is the difference in dB be- 
tween the fundamental output signal level and 
the generated distortion product level. the rela- 
tionship ratio is illustrated in Figure 7, which 
shows product output levels plotted versus the 
level of the fundamental output for two equal 
strength output signals at different frequencies. 
The upper line shows the fundamental output 
plotted against itself with a 1dB to 1dB slope. 
The second and third order products lie below 
the fundamentals and exhibit a 2:1 and 3:1 
slope respectively. 


The intercept point for either productis the inter- 
section of the extensions of the product curve 
with the fundamental output. 


The intercept pointis determined by measuring ADDITIONAL READING ON 
the intermodulation ratio ata single outputlevel SCATTERING PARAMETERS 


and projecting along the appropriate product E . ; . 
: : . ; or more information regarding S—parameters, 
slope to the point of intersection with the funda- please refer to: “e . 


mental. When the intercept point is known, the Hi 
: = gh—Frequency Amplifiers by Ralph S. 
intermodulation ratio can be determined by the Carson of the University of Missouri, 


reverse process. The second order IMR is : 

equal to the difference between the second or- fa wie fo : a purnehecny 

der intercept and the fundamental output level. ; 

The third order IMR is equal to twice the differ. ~ S~Parameter Techniques for Faster, 

ence between the third order intercept and the More Accurate Network Design, H.P. 

fundamental output level. these are expressed App Note 95-1, Richard W. Anderson, 
1967, HP Journal. 


as: 

- SParameter Design, H.P. App Note 
IP2 = Po + IMR 154, 1972. 
IP3 = Po + IMR3/2 


where Po is the power level in dBm of each ofa 
pair of equal level fundamental output signals, 
IP> and IP are the second and third order inter- 
modulation ratios in dB. The intermodulation in- 
tercept is an indicator of intermodulation per- 
formance only in the small signal operation 
range of the amplifier. Above some output level 
which is below the 1dB compression point, the 
active device moves into large signal operation. 
At this point the intermodulation products no 
longer follow the straight line output slopes, and S12 
the intercept description is no longer valid. It is 
therefore important to measure IPz and |IP3 at 
output levels well below 1dB compression. One Figure 5. 

must be careful, however, not to select too low Two-Port Network Defined 
levels because the test equipment may not be 

able to recover the signal from the noise. For the 

5205 we have chosen an output level of 

—10.5dBm with fundamental frequencies of 

100.000 and 100.01 MHz, respectively. 


INPUT VSWR 


FREQUENCY —MHz 


a. Input VSWR vs Frequency 
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OUTPUT VSWR 


1.0 ee ee ee 
10! 2 4 6 8 102 


FREQUENCY—MHz 


OP04720S OP04730S 


b. Output VSWR vs Frequency 
Figure 6. 
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THIRD ORDER 2ND ORDER 
INTERCEPT POINT , INTERCEPT 


1dB 
COMPRESSION POINT 


2ND ORDER 
RESPONSE 


3RD ORDER 
RESPONSE 


INPUT LEVEL dBm 


Figure 7. Output dBm vs Input dBm 
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DESCRIPTION e High Power Supply Rejection Ratio PIN CONFIGURATION 
The 5212is awide band, lownoise amplifi-  . 44% OHM Differential Trans- 
er with differential outputs, particularly resistance 
suitable for signal recovery in fiber—optic 
receivers. The part is ideally suited for — 
many other RF applications as a general APPLICATIONS . 
purpose gain block e Fiber—Optic Receivers ere) 

e Wideband Gain Block —e 
FEATURES OUT(+) 


e General Purpose 


Serene eee ee e Instrumentation 


e Single 5V Supply e Sensor Preamplifiers 


e Large Bandwidth Differential . : ; 
Outputs e Single—Ended to Differential ORDERING INFORMATION 


| Sak PRE CU Ner Uieraarree e Low Noise RF Amplifiers : 
ABSOLUTE MAXIMUM RATINGS 


asi 


G-G Ground Differential None allowed, short 4 ground pins together 


RECOMMENDED OPERATING CONDITIONS 


[vee Supp votage EY 


DC ELECTRICAL CHARACTERISTICS Min. and Max. limits apply over operating temperature range at Vcc =5V, unless otherwise 


specified. 
LIMITS 


SYMBOL PARAMETER TEST CONDITIONS 


| Min | 
v 055 
vo | Oapatbias tage | tore 
[wes | Oawutafeervtages | nso 
3 = 

0 


Output sink/source current AVout = <100mV 
Maximum input current overload threshold ae 
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AC ELECTRICAL CHARACTERISTICS! Min. and Max. limits apply over operating temperature range at Vcc =5V, unless otherwise 
specified. 


SYMBOL PARAMETER TEST CONDITIONS 
Transresistance Test Circuit 1 

A (Differential output) = 10MHz, R,=inf. Note 5 | 20 
Output resistance Test Circuit 1 Note 4 

(Differential output) F = 10MHz 


F 
Transresistance Test Circuit 1 Note a 
(Single—ended output) F = 10MHz, R_, =inf. 
Output resistance Test circuit 1 
(Single-ended output) F = 10MHz NoteS; 7 
Bandwidth (-3dB) T,=25°C Note 4 | 100 


Cw [inputcapaciancs TC 
AR/AV Transresistance power supply sensitivity AVoc = 5+0.5V Note 4 


a 
Rr 
IN 


AR/AT Transresistance ambient temperature sensitivity Ro ee ed 
eo Input RMS noise current spectral density bh tela 


; Test Circuit 2 
Input RMS noise current AF = 100MHz 
PSRR Power supply rejection ratio ry tata Note 2,3 
Power supply rejection ratio Test Circuit 4 
PSRR (ECL configuration) F =0.1MHz Note 2,3 


Max. output voltage swing differential 
Pulse distortion overload threshold 


NOTES: 

1. Typical data applies at Voc = 5V and Ta=25°C. 

2. Circuit board layout dependent at higher frequencies. For best performance use PF filter in Voc lines. 

3. Output referenced. 

4. This parameter is guaranteed but not tested. 

5. Due to test equipment limitation, actual tested conditions and/or limits may differ from those specified, however the specified test limits and 
conditions are guaranteed. 


za 
= 


| HA 


LA 
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SINGLE-ENDED DIFFERENTIAL 


1+ S22 
1-S22 


HP3577AB S-PARAMETER TEST 
PORT1 SET PORT2 


Test Circuit 1 


TEKTRONIX 
815-846 
CURRENT-PROBE 


Vv 
cc 33Q tur 


OUT 
IN DUT | 33Q 1uF 
OUT 


GND, L_@—! GNnd2 


Test Circuit 3 
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HP8568B SPECTRUM ANALYZER 


Test Circuit 2 


HP3577A 
NETWORK ANALYZER 


HP3577AB S-PARAMETER TEST 
PORT! SET PORT2 


TRANSFORMER 
NHO300HB 
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HP3577A 
NETWORK ANALYZER 


HP3577AB S-PARAMETER TEST 
PORT1 Ser PORT2 


TEKTRONIX 
O 815-846 
CURRENT-PROBE 


16Q 


GND, GND2 


7 33.9 WF 


our TRANSFORMER 
IN DUT 33Q 1uF NHO300HB 
OUT 


Test Circuit 4 


DEFINITION OF TERMS 


Symbol Name and Function 


INPUT BIAS VOLTAGE: The Input Bias Level test measures the quesent voltage on the input pin of the DUT, referenced to 
ground. 


Vo OUTPUT BIAS VOLTED: The Output Bias Level tests measure the quesent voltage level of the OUT(-) and OUT(+) pins refer- 
enced to ground. 


Vos OUTPUT OFFSET VOLTAGE: The Vos test measures output offset voltage due to the mismatch of the output bias levels. A 


high impedance meter is connected across the two output pins and Vos is measured directly. 


Output Sink/Source Current 


lo MAX ISOURCE: The ISOURCE test'measures the DUT's output capability of forcing current to a load. A 3mA load is applied to the 
DUT. The change in the output bias level, from no load to loaded, is measured. The input has no signal applied during this test. 


lo MAX ISINK: The ISINK test measures the DUT's output capability of sinking current from a load. A 3mA load is applied to the DUT. 
The change in the output bias level, from no load to loaded, is measured. the input has no signal applied during this test. 


I6 = OWA 


MAXIMUM INPUT CURRENT (2% Linearity): The LINEARITY test measures the nonlinearity, of the transfer curve, of the DUT. 
Four points on the transfer curve of the DUT are measured. Specific DC currents forced at the input and the resulting output 
voltage is measured. The percent of nonlinearity is calculated as follows: 

+Linearity(%) = {1 — ABS(R/T+)} X 100 

—Linearity(%) = {1 — ABS(R/T-)} X 100 
Where 

R = (V4 — V6) / (14 — 16) 

T+ = (V3 — V5) / (13 — 15) 

T— = (V5 —V7) /(I5 —17) 
The forcing DC currents if ls = +40LA: 

11 = 130A 17 =-30UA 

I2 = 100A I8 = 401A 

I3 = 60LLA I9 = -60LLA 

14 = 40LA 110 = -100)1A 

I5 = 30L1A I11 = 130L1A 
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DEFINITION OF TERMS (Continued) 


INPUT OVERLOAD CURRENT THRESHOLD: The input overload tests are used to guarantee that the knees of DUT's transfer 
curve are within spec. The ATE’s meter is connected to the output pin being tested and ground; in the same manner as the 
OUTPUT BIAS test. The input is forced with a DC current. The output swing is then measured. This is done twice, once with 


130A and then with 80L1A. The two readings are stored, and the results are calculated from the following: 
INPUT OVERLOAD = Vout(120}A) — Vout(50LA) 
if difference is greater than 50mV, the 50}/A test point must be in the linear region. 


TRANSRESISTANCE AT 10MHz: The Transresistance test measures the single-ended, midband gain of the DUT at 10MHz. 
The network analyzer is set to measure S21 for the DUT. The actual value displayed is calculated as follows: 


TRANSRESISTANCE = 2 X S21 X 1KQ 
INPUT SERIES RESISTANCE, R = 1KQ 


PSRR: The PSRR test measures the effect that a changing Vcc has to Vos test. The Vcc’ is changed with a small delta (+/— 0.1 
V). The change in Vos is then measured. The two readings are stored and the PSRR results are calculated from the following: 


PSRR = 20 X ABS(LOG(R)) 


R = Vos (vcc=5.1v) — Vosyvece4.9v)) 
(0.20 volts) 


VOUT MAX: The VOUT MAX test measures the DUT's maximum output swing. The ATE’s meter is connected across the output 
of the DUT in the same manner as the Vos test. The input is forced with a DC current. The output swing is then measured. This 


is done twice, once with +130LA and then with —130LA. The two readings are stored. The VOUT MAX is calculated from the 
following: 


Vout MAX = Vout(+130uA) — VouT(-130uA) 


IPMAX: An Bipolar Square wave of frequency = 1MHz is applied to the input, via a 1KQ Resistor. The |, is the + current where 
the output duty cycle deviates by 10% from that of the input duty cycle. 
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DESCRIPTION 

The 5512 series of high-performance op- 
erational amplifier provides very good in- 
put characteristics. These amplifiers 
feature low input bias and voltage charac- 
teristics such as a 108 op amp with im- 
proved CMRR and a high differential input 
voltage limit achieved through the use of a 
bias cancellation and PNP input circuits 
with collector-to-emitter clamping. The 
output characteristics are like those of a 
741 op amp with improved slew rate and 
drive capability yet have low supply quies- 
cent current. 


APPLICATIONS 
e AC amplifiers 


e RC active filters 

e Transducer amplifiers 

e DC gain block 

e Battery operation 

e Instrumentation amplifiers 


9912 


Dual High-Performance 
Operational Amplifier 


Product Specification 


FEATURES 
e Low input bias <+20nA 


e Low input offset current < +20nA 

e Low input offset voltage < 1mV 

e Low Vos temperature drift 5.V/°C 

e Low input bias temperature drift 
40pA/°C 

e Low input voltage noise 
30nV/VHz 

e Low supply current 1.5mA/amp 

e High slew rate 1.0V/us 

e High CMRR 100dB 

e High input impedance 100MQ 

e High PSRR 110dB 


e High differential input voltage limit 


e No cross-over distortion 


e Indefinite output short-circuit 
protection 


e Internally compensated for unity 
gain 
e 6000 drive capability 


EQUIVALENT SCHEMATIC (Each Amplifier) 


(ONE OP AMP) 


|g Y) 


alt 
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PIN CONFIGURATION 


ouTPuT1 [1] V+ 
OUTPUT 2 


-NPUT1 [2] 


+INPUT1 [3] ANPUT 2 


v- [4] +INPUT 2 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
8—Pin Ceramic DIP 5512/BPA 


853-0292 F08383 
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ABSOLUTE MAXIMUM RATINGS 


a 


DC ELECTRICAL PERFORMANCE CHARACTERISTICS V+ = +15V, V— =-15V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS 


Vi Input offset voltage Rs = 50Q 


Input bias current s = 100kQ 


Input resistance differential 


Tsta 


= 


+13.5 


R 

V Common mode voltage 

CMRR Input common-mode V,; =+13.5V 70.0 
rejection ratio V,; =+13.0V 


A Large—signal voltage gain Ry = 2kQ, Vo = +10V 


B 


Small—signal unity gain 
bandwidth 
Output voltage swing Ry = 2kQ 


+13.0 


V 
O 
O 


S 
V 
V 


+10.0 


Output voltage swing R, = 600Q 
Cc Power supply current 
Psrr Power supply rejection ratio 


G 

| 

C Amplifier to amplifier 
H 


O 
R 
WwW 


Cc 
D 


Total harmonic distortion f = 10kHZ, Vo = 7Vams 


Input noise voltage f = 1kHz 
Input noise current f = 1kHz 
Isc Output short-circuit current 


NOTE: 
1. Operation beyond the limit of this table may impair the useful life of this device. 
2. This parameter is guaranteed, but not tested. 
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DESCRIPTION 


The 5521 is asignal conditioning circuitfor e Low distortion 
use with Linear Variable Differential 
Transformers (LDVTs) and Rotary Vari- 
able Differential Transformers (RVDTs). supply + 2.5V to + 10V 

The chip includes a low distortion, anp- _@ Oscillator frequency 1kHz to 20kHz 
litude—stable sine wave oscillator with pro- 
grammable frequency to drive the primary 
of the LVDT/RVDT, a synchronous demo- e Low power consumption 
dulator to convert the LVDT/RVDT output 
amplitude and phase 
information, and an output amplifiertopro- APPLICATIONS 

vide amplification and filtering of the e LVDT signal conditioning 


demodulated signal. 


ORDERING INFORMATION e LPDT signal conditioning 


DESCRIPTION ORDER CODE e Bridge circuits 


FEATURES PIN CONFIGURATION 


e Single supply 5V to 20V, or dual 


e Capable of ratiometric operation 


(182mV typ) 


to position 


e RVDT signal conditioning 


18—Pin Ceramic DIP 5521/BVA 


PIN DEFINITIONS 


[PINNO. | SYMBOL 
C1 Amp Out 
ef +N 
sf -w 
«| oT 


DEMOD 
OUT 
Te [on 
NC 


=a 
ee 
NC 


T 


12 Vrer/2 


OSC 
15 FEEDBACK 
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DEFINITION 
Auxiliary Amplifier Output. 
Auxiliary Amplifier non-inverting input. 
Auxiliary Amplifier inverting input. 
Input to Synchronous Demodulator from the LVDT/RVDT secondary. 
Pulsating DC output from the Synchronous Demodulator output. This voltage should be filtered before use. 
Synchronizing input for the Synchronizing Demodulator. This input should be connected tothe OSC or OSC output. 
Sync is referenced to Vpref/2. 
Device return. Should be connected to system ground or to the negative supply. 
No internal connection. 
No internal connection. 
No internal connection. 


Oscillator frequency-determining resistor. A temperature stable 18kQ resistor should be connected between this 
pin and pin 7. 


Ahigh impedance source of one half the potential applied to Va¢r (pin 16). The LVDT/RVDT secondary return should 
be to this point. A bypass capacitor with low impedance at the oscillator frequency should also be connected between 
this pin and ground. 


Oscillator sinewave output that is 180° out of phase with the OSC signal at pin 14. The LVDT/RVDT primary is usually 
connected between OSC and OST pins. 


Oscillator sinewave output. The LVDT/RVDT primaries are usually connected between OSC and OST pins. 


Usually connected to the OSC (pin 14) output for unity gain, a resistor between this pin and OSC, and one between 
this pin and ground can provide for a change in the oscillator output pin amplitudes. 


Reference voltage input for the oscillator and sine converter. This voltage MUST be stable and must not exceed +V 
supply voltage. 


Oscillator frequency-determining capacitor. The capacitor connected between this pin and ground should be a tem- 
perature—stable type. 


Positive supply connection. 
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BLOCK DIAGRAM 


FEEDBACK 


Vrer/2 


GND /V- 


LVOT IN 


SYNCHRONOUS 
DEMODULATOR 
SYNC 


5 
NOTE: 7 


Pin numbers are for F, N packages. DEMOD OUT 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING! 
840 


Storage temperature range —65 to +150 
[Po [Poerdspaton—SSSCSC~S~‘iSSC 


SYMBOL PARAMETER TEST CONDITIONS 


Tree [Rateronoooron | 


Reference voltage range 
Po Power dissipation 


Oscillator Section 


Ost 
A 


Dist 


Vosc/AT | Temperature coeff. of amplitude 
Ato | Init. accuracy of oscillator freq. 
Afo/AT Temperature coeff. of frequency? 


Af/AV Voltage coeff. of frequency 
Min OSC (OSC) Load? 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta =-55°C, +125°C UNIT 
jin | typ | Mex | Min | Typ | Max | 


Demodulator Section 


fa [orowtyorer een Tempo] [fa | ee 
| | Vaer Veer i 
Vi (MAX) Maximum demodulator input 2 ) p-p 


AVip/AT | Demodulator offset voltage drift* 
Demodulator input current 


ava [Veesawey | 


> 


Auxiliary Output Amplifier 


Vio Input offset voltage 


AVio/AT _ | Input offset voltage drift’ ae 
inpatiasanen | 
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V/mV 


V/s 


Vo Output voltage swing R, = 10k i | 82 | 


Output short circuit current to 42 
sc ground or to Veg 


NOTES: 
. Operation beyond the limit of this table may impair the useful life of the device. 
. This is temperature coefficient of frequency for the device only. It is assumed that Cy and Ry are fixed in value and Cy leakage is fixed over 
the operating temperature range. 


. Minimum lead impedence for which distortion is guaranteed to be less than 5%. 
. This parameter is guaranteed, but not tested. 


= = 
afi fale fafa BH 
e) i?) 


at 


& WwW 


February 23, 1987 120 


Signetics Military Linear Products Preliminary Specification 


LVDT Signal | 5521 


DEFINITION OF TERMS 


RMS value of the AC voltage available at the oscillator output pin. This output is referenced to Vacr/2 
Osaillator Output and is a function of Vaer. 


The Total Harmonic Distortion (THD) of the oscillator output with no load. This is not a critical 
specification in LVDT/RVDT systems. This figure could be 15% or more without affecting system 
performance. 


Temperature Coefficient of A measure of how the oscillator amplitude varies with ambient temperature as that temperature 
Oscillator Amplitude deviates from a 25°C ambient. 

Temperature Coefficient of A measure of how the oscillator frequency varies with ambient temperature as that temperature 
Oscillator Frequency deviates from a 25°C ambient. 

Voltage Coefficient of The degree to which the oscillator frequency will vary as the reference voltage (Ver) deviates from 
Oscillator Frequency +10V. 


The degree to which the DC output of the demodulator/amplifier combination matches a change in 
Linearity Error the AC signal at the demodulator input. It is measured as the worst case nonlinearity from a straight 
line drawn between positive and negative full scale end points. 


Maximum Demodulator Input bat level signal that can be applied to the demodulator input without exceeding the specified 


APPLICATION INFORMATION 


Sine Wave Distortion 


VreF—1.3V 
Vrer(Rr + 1.5k)Cr 


OSC frequency = 
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DESCRIPTION 

The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amp- 
lifiers, such as the 1458, it shows better 
noise performance, improved output drive 
capability and considerably higher 
small-signal and power bandwidths. 


This makes the device especially suitable 
for application in high-quality and profes- 
sional audio equipment, instrumentation 
and control circuits, and telephone chan- 
nel amplifiers. The op amp is internally 
compensated for gains equal to one. If 
very low noise is of prime importance, it is 
recommended that the 5532A version, 
which has guaranteed noise voltage 
specifications, be used. 


5532/5532A 


Internally Compensated Dual 
Low Noise Op Amp 


Product Specification 


FEATURES PIN CONFIGURATION 
e Smali-signal bandwidth: 10MHz 
e Output drive capability: 600Q, 


10V (rms) ros, 
e Input noise voltage: 5nV/VHz PU Ps INPUT B. 


3 NON-INVERTING 
(typica I) INPUT B 
e DC voltage gain: 50000 TOP VIEW cpoge60s 
e AC voltage gain: 2200 at 10kHz 


e Power bandwidth: 140kHz 


e Slew-rate: 9V/Us DESCRIPTION 
e Large supply voltage range: 8—-Pin Ceramic DIP 
+3 to + 20V 


8-Pin Ceramic DIP 


e Compensated for unity gain 


EQUIVALENT SCHEMATIC (Each Amplifier) 
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Internally Compensated Dual Low Noise Op Amp 5532/5532A 


ABSOLUTE MAXIMUM RATINGS 


a 
a 
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a 
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22 
a a 
bPo Power dissipation 1000 


DC ELECTRICAL CHARACTERISTICS Vs = + 15V, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C 
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Internally Compensated Dual Low Noise Op Amp 5532/5532A 


AC ELECTRICAL CHARACTERISTICS Vs = + 15V, unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS Ta = +25°C Ta = -55°C, +125°C UNIT 
Typ | Max 
; Ay = 30dB Closed loop 
R 


Voltage follower 
Overshoot V| = 100mVp_p 
Cy = 100pF, Ry = 600Q 


Gain bandwidth product | C, = 100pF, R, = 600Q 
a 


Vo = #14V, R, = 600Q 
Voc = £18V 


S) 
V 
BW 
R 


SYMBOL PARAMETER CONDITIONS 
Input noise voltage? fo = 30Hz 
fo = 1kHz 
Input noise current fo = 30Hz 
fo = 1kHz 


Channel separation f = 1kHz, RS = 5kQ 
NOTES: 


1. Diodes protect the inputs against over—voltage. Therefore, unless current-imiting resistors are used, large currents will flow if the different 
input voltage exceeds 0.6V. Maximum current should be limited to + 10mA. 

2. Operations beyond the limits of this table may impair the useful life of the device. 

3. Input noise voltage is guaranteed for the 5532A only. 
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Internally Compensated Dual Low Noise Op Amp 5532/5532A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Open-Loop Frequency Closed-Loop Frequency Large-Signal Frequency 
Response Response Response 


60 
Vs = t15 


RF = 10k) ; RE = 100!) 


RF = 1k{); RE = © 


GAIN (dB) 
(GAIN dB) 


-20 0 
10>. 104 = 105 S108 = 107-108 102. 102) «10 = 108-10 = 107 
{ (Hz) { (Hz) 


OP04870S OPT4880S OPT4890S 


Input Common-Mode 
Bak sm Short-Circuit Current Input Bias Current Voltage Range 


TYPICAL VALUES 


VIN (V) 


Vp; - Vp (V) 


OP04910S OP04920S 


Input Noise Voltage Density 


10 
Vp; -VN(¥) 


OP04930S 
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Internally Compensated Dual Low Noise Op Amp 5532/5532A 


TYPICAL TEST CIRCUITS 
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Closed-Loop Frequency Response Voltage-Follower 
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DESCRIPTION 

The 5534 is a high-performance low-noise 
operational amplifier. Compared to other 
operational amplifiers, such as TLO83, it 
shows better noise performance, im- 
proved output drive capability and consid- 
erably higher small-signal and power 
bandwidths. 


The op amps are internally compensated 
for again equal to, or higher than, three. 
The frequency response can be optimized 
with an external compensation capacitor 
for various applications (unity gain amplifi- 
er, Capacitive load, slew rate, low over- 
shoot, etc.). If very low noise is of prime 
importance, it is recommended that the 
5534A version be used which has guaran- 
teed noise specifications. 


EQUIVALENT SCHEMATIC 
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5534/5534A 


Low-Noise Op Amps 


Product Specification 


FEATURES 
e Small-signal bandwidth: 10MHz 


e Output drive capability: 600Q, 
10Vems at Vs = +18V 

e Input noise voltage: 4nV/VHz 

e DC voltage gain: 100000 

e AC voltage gain: 6000 at 10kHz 

e Power bandwidth: 200kHz 

e Slew rate: 13V/us 


e Large supply voltage range: 
+3 to +20V 


PIN CONFIGURATION 


8] BALANCE/ 
COMPENSATION 


BALANCE | 1 | 


INVERTING 
INPUT 


NONINVERTING 
INPUT 3 | 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
8-—Pin Ceramic DIP 5534/BCA 
8-—Pin Ceramic DIP 5534A/BCA 


ry | 
a 
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Low-Noise Op Amp 5534/5534A 


ABSOLUTE MAXIMUM RATINGS 


E 


DC ELECTRICAL CHARACTERISTICS Vs = + 15V, unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS 


Input offset voltage 


Fie | metoticraret’ | SSSCSC~i SC fo] 


Common mode voltage range 
Input mode rejection ratio 
Power supply rejection ratio 


R, > 600Q, 
R, > 600Q, Vs = +18V 
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Low-Noise Op Amp 5534/5534A 


AC ELECTRICAL CHARACTERISTICS Vs = + 15V, unless otherwise specified. 


SYMBOL PARAMETER CONDITIONS 


Ay = 30dB closed loop 
Output resistance f = 10kHz, R, = 600Q 
Cc = 22pF 
Transient response Voltage follower, 
Rise time R, = 600Q, Co = 22pF, 
Overshoot C, = 100pF, V,; = 50mV 
Transient response 


Rise time Vin = 50mvy, R, = 600Q 
Overshoot Co = 47pF, C, = 500pF 


ie Te Cc = =0 


Gain bandwidth product | Cc = 22pF, C, — 100pF 


Cc = 0 


Vout = +10V, Co = 0 
Vout = +10V, Co = 22pF 
Vout = £14V, R, = 6002 
Co = = 22pF, Voc = +18V 


Power bandwidth 


5533/5534 5533A/5534A 


SYMBOL PARAMETER CONDITIONS 
= ae 


dias 20kHz, 
Broadband noise figure 


Channel separation f = 1kHz, Rg = 5kQ. 
NOTES: 


1. Diodes protect the inputs against over—voltage. Therefore, unless current-limiting resistors are used, large currents will flow if the different 
input voltage exceeds 0.6V. Maximum current should be limited to + 10mA. 

2. Operations beyond the limits of this table may impair the useful life of the device. 

3. This parameter is guaranteed but not tested. 
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Low-Noise Op Amp 5534/5534A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Open-Loop Frequency Slew Rate as a Function of Closed-Loop Frequency 
Response Compensation Capacitance Response 


TYPICAL VALUES = TYPICAL VALUES 


Co = 0; RF = 10k!) ; RE = 100! 


seeteees 
ACA 


Cc= 0; RF = 9k{!}; RE = Ik!) 


GAIN (dB) 
GAIN (dB) 
NR 
o 


Co = 22pF; RF = 1k{);RE= 0c 


Cc(pF) 


OP05060S OP05070S OP05090S 


Large-Signal Frequency 
Response Output Short-Circuit Current Input Bias Current 


vVS-115V 
TYPICAL VALUES 


cee 
Corer 
Coe Te 

oo CLI WE CLO 
CCA 
CTE 
SCENE 
COONS 


75 100 +125 
10? 103-10 = 105108 =~ 10” 5 
TA (°C) 


t (Hz) 


OP05080S OP05100S OP05110S 


Input Common-Mode Supply Current Input Noise 
Voltage Range per Op Amp Voltage Density 


TYPICAL VALUES 


VIN (V) (nv/ J Hz) 


20 
Vp: - Vn (V) Vp; -VN(V) 
OP05120S 


OP05130S OP05140S 
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Low-Noise Op Amp 


5534/5534A 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Noise 
Current Density 


In(r pt 


OP05150S 


TEST LOAD CIRCUITS 


Total input 
Noise Density 
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ae eee 


THERMAL NOISE OF 
i SOURCE RESISTANCE 
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Rs (12) 


OP05160S 


TC08710S 


Frequency Compensation and Offset Voltage 
Adjustment Circuit 
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Broadband Input 
Noise Voltage 


TYPICAL VALUES yy | 


Ae 200Hz TO 4kHz 


1 7 


Rg (11) 
OP05170S 


TC08720S 


Closed-Loop Frequency Response 
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Low-Noise Op Amp 5534/5534A 


NOISE TEST BLOCK DIAGRAM 
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DESCRIPTION 

The 5537 monolithic sample-and-hold 
amplifier combines the best features of 
ion-implanted JFET’s with bipolar devices 
to obtain high accuracy, fast acquisition 
time, and low droop rate. This device is pin 
compatible with the LF198, and features 
superior performance in droop rate and 
output drive capability. The circuit shown 
in Figure 1 contains two operational ampli- 
fiers which function as a unity gain amplifi- 
er in the sample mode. The first amplifier 
has bipolar input transistors which give the 
system a low offset voltage. The second 
amplifier has JFET input transistors to 
achieve low leakage current from the hold 
capacitor. A unique circuit design for leak- 
age current cancellation using current mir- 
rors gives the 5537 a low droop rate at 
higher temperature. the output stage has 


the capability to drive a 2kQ load. The log- 
ic input is compatible with TTL, PMOS or 
CMOS logic. The differential logic thresh- 
old is 1.4V with the sample mode occur- 
ring when the logic input is high. 


BLOCK DIAGRAM 


LOGIC 
REFERENCE 
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003/ 


Sample-and-Hold Amplifier 


Product Specification 


FEATURES 
e Operates from +5V to +18V supplies 
e Hold leakage current 6pA @ 
Ty = 25°C 
e Less than 101s acquisition time 


e TTL, PMOS, CMOS compatible logic 
input 


e 0.5mV typical hold step.at 
Cy = 0.01 .F 
e Low input offset: 1MV (typical) 
e 0.002% gain accuracy with R, = 2kQ 
e Low output noise in hold mode 


e Input characteristics do not change 
during hold mode 


e High supply rejection ratio in 
samples or hold 


e Wide bandwidth 


HOLO 
CAPACITOR 


Figure 1 
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PIN CONFIGURATION 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
8-Pin Ceramic DIP 5537/BPA 
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Sample-and-Hold Amplifier 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER 


< 
77) 


Voltage Supply 
Power dissipation (package limitation)! 


vf Operating ambient temperature range 


> 


Tste Storage temperature range 


< 
|} || fella 


Input voltage 

Logic to logic reference differential voltage 
Output short circuit duration 

Hold capacitor short circuit duration 


Tsoip Lead soldering temperature (10sec max) 
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RATING! 
+18 
500 

—55 to +125 
-65 to +150 


Equal to supply voltage 


Indefinite 
10 
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Sample-and-Hold Amplifier 5537 


DC ELECTRICAL CHARACTERISTICS? 


SYMBOL PARAMETER 


Gain error —10V< Vy $< 10V, Ry = 2kQ 
-11.5V< Vins 11.5V, 
Ry = 10kQ 


Feedthrough attenuation ratio | Cy, = 0.01p1F 
Output impedance “HOLD mode” 


“HOLD” Step* Cy = 0.01,1F 
Vout = 0 


TEST CONDITIONS 


Ta = +25°C Ta =-55°C, +125°C UNIT 
ps | mv 


oO 
° 
oO 
N 


g 


Supply current Vs = +18V 


Logic and logic reference Vin = 2.4V 10 
Input current Vin = OV —10 


Vout = 10V 
Acquisition time to 0.1% Cy = 1000pF 


Cy = 0.01pf 


Hold capacitor charging 
PSRR Supply voltage rejection ratio 


Leakage current into hold 


—_ 
ar roy a 
oO P= ao] 


©] 


NOTES: 


1. The maximum junction temperature of the 5537 is 150°C. 

2. Although the differential voltage may not exceed the limits given, the common mode voltage on the logic pins may be equal to the supply volt- 
ages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below the 
positive supply and 3V above the negative supply. 

3. Unless otherwise specified, the following conditions apply: Unit is in “sample” mode, Vg = +15V, Ty = 25°C, -11.5V < Vy < 11.5V, Cy = 
0.01,1F, and R, = 2kQ. Logic reference voltage = OV and logic voltage = 2.5V. 

4. Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1pF, for instance, will create an additional 


0.5mV step with a 5V logic swing and a 0.01F hold capacitor. Magnitude of the hold step is inversely proportional to hold capacitor value. 
5. These parameters guaranteed over a supply voltage range of +5 to +18V. 
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5537 


TYPICAL PERFORMANCE CHARACTERISTICS 


CURRENT (nA) 


HOLD STEP (mV) 


100pF 


TIME (us) 
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Input Bias Current 


25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 
OP12200S 


Hold Step 


1OOOpF 0.01yF 0. 1uF uF 


HOLD CAPACITOR 
OP12240S 


Acquisition Time 


Viy = 0 TO +10V 


0.01 0.1 


HOLD CAPACITOR (uF) 
OP12270S 


CURRENT (mA) 


CURRENT (nA) 


TIME (ys) 


Out 


put Short-Circuit Current 


|_| 
CSE EE 
aN Ce 
Ls 


—50 —25 


—-50 -25 0 


0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


OP12210S 


Leakage Current Into 
Hold Capacitor 


0 25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 
OP12250S 


Aperture Time 


25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 
OP12281S 


NORMALIZED HOLD STEP AMPLITUDE INPUT VOLTAGE—OUTPUT VOLTAGE (mv) 


FINAL SAG (mV) 


HYSTERESIS 


Gain Error 


INPUT VOLTAGE (V) 
OP12230S 


Hold Step vs Input Voltage 


TAAL 
Leer ET 


INPUT VOLTAGE (Vv) 
OP12260S 


Capacitor Hysteresis 


POLYPROPYLENE 
AND POLYSTYRENE 
TIME CONSTANT 


TIME = 
CONSTANT 


POLYPROPYLENE 
AND POLYSTYRENE 
HYSTERESIS 


SAMPLE TIME (ms) 


OP12290S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Dynamic Sampling Error Output Droop Rate 


veal 
Nu 


0 100pF = 1000pF (0.01 uF 0.1uF 


0.3u 


Av/ AT (V/SEC) 
TIME (us) 


ERROR (mV) 


1 


INPUT SLEW RATE (V/ms) HOLD CAPACITOR 
OP12300S 


OP12310S 


Phase and Gain 
(Input-to-Output, Small-Signal) Power Supply Rejection 


POSITIVE 
SUPPLY 


GAIN— INPUT TO OUTPUT (dB) 


REJECTION RATIO (dB) 
NOISE (nV// Hz) 


(.) AV130 3SVHd LNdLNO O1 LNNI 


TL AF 


FREQUENCY (Hz) 


FREQUENCY (Hz) 
OP12330S OP12340S 


Feedthrough Rejection 
Ratio (Hold Mode) 


RATIO (dB) 


FREQUENCY (Hz) 
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Hold Settling Time 


eee 
serine TT TT 


JUNCTION TEMPERATURE (°C) 


OP12320S 


Output Noise 


FREQUENCY (Hz) 
OP12350S 
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SAMPLE-AND-HOLD 

For many years designers have used the sam- 
ple—and-hold (or track—and-hold) to operate 
on analog information in a time frame which is 
expedient. 


By sampling a segment of the information and 
holding it until the proper timing for converting to 
some form of control signal or readout allows 
the designer certain freedom in performing pre- 
determined manipulative functions. Therefore, 
the sample—and-hold can be defined as a “se- 
lective analog memory cell”. 


The memory is volatile and will also decay with 
time. 


When using the sample—and-hold method for 
evaluating signal information, the designer is 
given the added feature of eliminating outside 
noise elements. With the analog—to—digital con- 
verter products available today, the “DC 
memory” of the sample—and-hold can be easily 
converted to digital format and further incorpo- 
rated into microprocessor based systems. 


Parametric evaluation of the sample—and-hold 
will be discussed in the following paragraphs. 


DEFINITION OF TERMS 


Acquisition Time — The time required to ac- 
quire a new analog input voltage with an output 
step of 10V. Note that acquisition time is not just 
the time required for the output to settle, butalso 
includes the time required for all internal nodes 
to settle so that the output assumes the proper 
value when switched to the hold mode. 


Aperture Delay Time— The time elapsed from 
the hold command to the opening of the switch. 


Aperture Jitter — Also called “aperture uncer- 
tainty time”, it's the time variation or uncertainty 
with which the switch opens, or the time varia- 
tion in aperture delay. 


Aperture Time — The delay required between 
“hold” commandand an input analog transition, 
so that the transition does not affect the held 
output. 


Bandwidth — The frequency at which the gain 
is down 3dB from its DC value. It’s measured in 
sample (track) mode with a small-signal sine 
wave that doesn’t exceed the slew rate limit. 


Effective Aperture Delay — The time differ- 
ence between the hold command and the time 
at which the input signal is at the held voltage. 


Figure of Merit — The ratio of the available 
charging current during sample mode to the 
leakage current during hold mode. 


Hold—Mode Droop — The output voltage 
change per unit of time while in hold. Commonly 
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specified in V/s, [1V/Ls or other convenient 
units. 


Hold—Mode Feedthrough — The percentage 
of an input sinusoidal signal thatis measured at 
the output of a sample-hold when it's in hold 
mode. 


Hold Settling Time — The time required for the 
output to settle within 1mV of final value after 
the “hold” logic command. 


Sample—to-Hold Offset Error — The differ- 
ence in output voltage between the time the 
switch starts to open, and the time when the out- 
put has settled completely. It is caused by 
charge being transferred to the hold capacitor 
switch as it opens. 


Slew Rate — The fastest rate at which the sam- 
ple—and-hold output can change (specified in 


V/[Us). 


Hold Step — The voltage step at the output of 
the sample—and-hold when switching from 
sample mode to hold mode with a steady (DC) 
analog input voltage. Logic swing is 5V. 


Dynamic Sampling Error — The error intro- 
duced into the hold output due to a changing 
analog input at the time the hold command is 
given. Error is expressed in mV with a given 
hold capacitor value and input slew rate. Note 
that this error term occurs even for long sample 
times. 


Gain Error — The ratio of output voltage swing 
to input voltage swing in the sample mode ex- 
pressed as a percent difference. 


Threshold Level — will be defined as thatlevel 
which causes the switch control to change 
state. 


BASIC BLOCK DIAGRAM 

The basic circuit concept of the sample—and— 
hold circuit incorporates the use of two (2) op- 
erational amplifiers and a switch control mecha- 
nism (which determines sample, hold or track 
conditions). Reference Figure 1. 


The block diagram of the 5537 is a closed loop 
non-inverting unity gain sample—and-hold 
system. The input buffer amplifier supplies the 
current necessary to charge the hold capacitor, 


' while the output buffer amplifier closes the loop 


such that the output voltage is identical to the in- 
put voltage (with consideration for input offset 
voltage, offset current, and temperature varia- 
tions which are common to all sample—and— 
hold circuits, be they monolithic, hybrid or mod- 
ular). 


When the sampling switch is open (in the hold 
mode) the clamping diodes close the loop 
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around the input amplifier to keep it from being 
overdriven into saturation. 


The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample—and—-hold device (see Figure 2). The 
switch control has a floating reference (Pin 7), 
referred to as the logic reference which makes 
the sample—and-hold device compatible to 
several types of external logic signals (TTL, 
PMOS, and CMOS). The switching device op- 
erates at a threshold level of 1.4V. 


The switch mechanism is on (sampling an infor- 
mation stream) when the logic level is high (Pin 
8is 1.4V higher than Pin 7) and presents aload 


of 5A to the input logic signal. The analog 
sampled signal is amplified, stored (in the exter- 
nal holding capacitor), and buffered. At the end 
of the sampling period the internal switch mech- 
anism turns off (switch opens) and the “stored 
analog memory” information on the external ca- 
pacitor (Pin 6) is loaded down by an operational 
amplifier connected in the unity gain non— 
inverting configuration. This amplifier, whose 
input impedance is effectively: 


R= =Rwn(Aov)/(1 + 1/A) 

where R_ = Effective inputimpedance 
Rin = Open loop input impedance 
Ao. = Open loop gain 
A =AC loop gain 


Therefore, the higher the open loop gain of the 
second operational amplifier, the larger the ef- 
fective loading on the capacitor. The larger the 
load, the lower the “leakage” current and the 
better the droop characteristics. 


In actuality, the amplifiers are designed with 
special leakage current cancellation circuits 
along with FET input devices. The leakage cur- 
rent cancellation circuits give better high tem- 
perature operation (remember thatthe FET am- 
plifiers double in required bias current for every 
10 degree increase in junction temperature). 


Sampling time for the 5537 is less than 10}1sec, 
(measured to 0.1% of input signal). Leakage 


current is 6pA at a rate output load of 2kQ. 


BASIC APPLICATIONS 


Multiplying DAC 

As depictedin the block diagram of Figure 3, the 
sample—and-hold circuit is used to supply a 
“variable” reference to the digital-to—analog 
converter. As the input reference varies, the 
output will change in accordance with Equation 
1, shown in Figure 3. 


Varying the input signal reference level can aid 
the system in performing both compression and 
expansion operations. The multiplying DAC's 
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usedare the Signetics 5008; however, if the rate 
of change of the reference variationis kept slow 
enough a microprocessor compatible DAC can 
be incorporated, such as the 5018 or the 5020. 


Data Acquisition Systems 

As mentioned earlier, the designer may wish 
to operate on several different segments of 
an “analog” signal; however, he is limited by 
the fact that only one analog to digital conver- 
ter channel is available to him. Figure 4 
shows the means by which a multiplexing 
system may be accomplished. 


APPLICATION HINTS 
Hold Capacitor 


Asignificant source of error in an accurate sam- 
ple—and-hold circuit is dielectric absorption in 
the hold capacitor. A mylar cap, for instance, 
may “sag back” up to 0.2% after a quick change 
in voltage. A long “soak” time is required before 
the circuit can be put back into the hold mode 
with this type of capacitor. Dielectrics with very 
low hysteresis are polystyrene, polypropylene, 
and Teflon. Other types such as mica and poly- 
carbonate are not nearly as good. Ceramic is 
unusable with > 1% hysteresis. The advantage 
of polypropylene over polystyrene is that it ex- 
tends the maximum ambient temperature from 


85°C to 100°C. The hysteresis relaxation time 
constant in polystyrene, for instance, is 
10—50ms. If A-to—D conversion can be made 
within 1ms, hysteresis error will be reduced by a 
factor of ten. 


DC Zeroing 

DC zeroing is accomplished by connecting the 
offset adjust pin to the wiper of a 1kQ. poten- 
tiometer which has one end tied to V+ and the 
other end tied through a resistor to ground. The 
resistor should be selected to give ~0.6mA 


through the 1kQ potentiometer. 


Sampling Dynamic Signals 

Sampling errors due to moving (changing) input 
signals are of significant concern to designers 
employing sample—and-hold circuits. There 
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exist finite phase delays through the sample— 
and-hold circuit causing an input-output phase 
differential for moving signals. In addition, the 


series protection resistor (300Q to Pin 6 of the 
5537) will add an RC time constant, over and 
above the slew rate limitation of the input buffer/ 
current drive amplifier. This means that at the 
moment the “hold” command arrives, the hold 
capacitor voltage may be somewhat different 
than the actual analog input. The effect of these 
delays is opposite to the effect created by de- 
lays in the logic which switches the circuit from 
sample to hold. For example, consider an ana- 
log input of 20 Vp_p at 10kHz. Maximum dV/dtis 


0.6V/Us. With no analog phase delay and 
100ns logic delay, one could expect up to 


(0.1,1s) (0.6V/LLs) = 6O0mV error if the “hold” sig- 
nal arrived near maximum dV/dt of the input. A 


positive going input would give a + 6Omv error. 
Now assume a 1MHz (3dB) bandwidth for the 
overall analog loop. This generates a phase 
delay of 160ns. If the hold capacitor sees this 
exact delay, then error due to analog delay will 


be (0.16[1s) (0.6V/Ls) = -96mV (analog) for a 
total of -36mV. To add to the confusion, analog 
delay is proportional to hold capacitor value 
while digital delay remains constant. A family of 
curves (dynamic sampling error) is included to 
help estimate errors. 


A curve labeled “Aperture Time” has been in- 
cluded for sampling conditions where the input 
is steady during the sampling period, but may 
experience a sudden change nearly coincident 
with the “HOLD” command. This curve is based 
ona 1mV error fed into the output. 


A secondcurve, “Hold Settling Time”, indicates 
the time required for the output to settle to 1mV 
after the “HOLD” command. 


Digital Feedthrough 

Fast rise time logic signals can cause hold er- 
rors by feeding externally into the analog input 
atthe same time the amplifier is put into the hold 
mode. To minimize this problem, board layout 
should keep logic lines as far as possible from 
the analog input. Grounded guarding traces 
may also be used around the input line, espe- 
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cially if it is driven from a high impedance 
source. Reducing high amplitude logic signals 
to 2.5V will also help. 


Logic signals also couple to the 
hold capacitor. This hold capacitor 
should be guarded by a PC card 
trace connected to the sample— 
and-hold output. This will also 
minimize board leakage. 


SPECIAL NOTES 

1. Not all definitions herein defined are mea- 
sured parametrically for the 5537, but are 
legitimate terms used in sample—and-hold 
systems. 


2. Reference should be made to Design Engi- 
neering, Volumes 23 (Nov. 8, 1978), 25 
(Dec. 6, 1978) and 26 (Dec. 20, 1978) for 
articles written by Eugene Zuch of Datel 
Systems, Inc. for a further discussion of 
sample—and-hold circuits. 


3. Reference also made to National Semicon- 
ductor’s Special Functions Data Book 
(1976.) 


TYPICAL APPLICATIONS 
TYPICAL CONNECTION 


ANALOG INPUT O 


SAMPLE 5V—— LOGIC 
INPUT 
HOLD OV 


TC14720S 


Figure 2 
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MULTIPLYING DAC APPLICATION 


™C14730S 


NOTE: 1 
Vout = Vin X OEE 20 Dot p D,+ a D7 { Equation 1 


Figure 3 


ANALOG DATA MULTIPLEXING 


$D5000 


A/O 
CONVERTER 


ANALOG INPUT 2 oo oe i 


CONTAOL 2 oT I f 
| | SUCCESSIVE APPROXIMATION 
ANALOG INPUT 3 ot, +4 
| | or INTEGRATING TYPE ADC 
CONTROL 3 ee oe | | 
ANALOG INPUT 4 ot 8 
een | 
CONTROL 4 
| 


} SUBSTRATE 


L007370S 


Figure 4 
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DESCRIPTION 

The Signetics 5539 is a very wide 
band-width, high slew rate, monolithic op- 
erational amplifier for use in video ampilifi- 
ers, RF amplifiers, and extremely high 
slew.rate amplifiers. 


Emitter follower inputs provide a true 
differential high input impedance device. 
Proper external compensation will allow 
design operation over a wide range of 
closed loop gains, both inverting and 
non-inverting, to meet specific design 
requirements. 


EQUIVALENT CIRCUIT 


NO N-INVERTING 
INPUT 
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Ultra High-Frequency 
Operational Amplifier 


Product Specification 


FEATURES 


e Gain bandwidth product: 
1.2GHz at 17dB 


e Slew rate: 600/Viis 

e Full power response: 48MHz 
© Ayo_: 52dB typical 

e 350 MHz unity gain 


APPLICATIONS 

e Fast pulse amplifers 
e RF oscillators 

e Fast sample and hold 


e High gain video amplifiers 
(BW > 20MHz) 
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PIN CONFIGURATION 


Fiz FREQUENCY 


COMPENSATION 


CD09921S 


O (12) FREQUENCY COMP. 


O (10) +Voc 


O (3) —Voc 


TC08730S 


8530296 F00658 
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ORDERING INFORMATION 


DESCRIPTION 


ORDER CODE 
§539/BCA 


a co) = 
“85 to +150 
Max junction temperature 150 


Ta = +25°C 


w 


Input common mode? 
rejection ratio 


=0, = 0° 


— 


= —_ 
—_ 
g |=|s s|e 


pot 
es 
| 10 


AVcc =1t1V 


Vo = Vo+min, Vo-min 
R, = 2kQ to GND 
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AC ELECTRICAL CHARACTERISTICS Vcc = + 8V, Ry, = 150Q to GND and 470Q to Vcc, unless otherwise specified. 


TEST CONDITIONS ONT 
| Min | Typ | Max | Min | Typ | Max | 
A 


es 
Psa |sewas® id Anse -vson | | ow | | | | | vm 
Te [Prvegtonanay? | An-an-va | [7 | || | |» 
ie [Futsowerespona? | Axwannveoa | | | ||| | we 
Ctr [Fulvonerrirone | v-zmnvoa | | | {| | |__| we 
Fen [inptvosovetge | ra-eagn | | « | {| |_| nme 


DC ELECTRICAL CHARACTERISTICS Vcc = + 6V, unless otherwise specified. 


SYMBOL | PARAMETER TEST CONDITIONS Ta = +25°C Ta = -55°C, +125°C UNIT 
SeaenSaSanRINn ‘lis a Se ES RUA Sad ek 


| Vos | Inputoffset voltage |Inputoffset voltage | voltage 


Pr etre oc 
a 


Input common mode 


Power supply rejection 


Vour | Output voltage swing | R = 15002 to GND ec tobe 
and 389Q to -Voo BR DE 


AC ELECTRICAL CHARACTERISTICS Vo, = + 6V, R, = 150Q to GND and 390Q. to -Vcc, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS 


ee 
[iv | Sat sertbonnian [Ae 
Pe foeroine [ee 
a 
oo 
om 


NOTE: 


1. Operation beyond limits in this table may impair the useful life of the device. 

2. Differential input voltage should not exceed 0.25V to prevent excessive input bias current and common mode voltage 2.5V. These voltage 
limits may be exceeded if current limit is 10mA. 

3. External compensation. 

4. External compensation. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


5539 Open-Loop Phase 5539 Open-Loop Gain 


UNE ETE LT 
PL IINT TTMT TAT 
IT Psat LT 
UIE TTT NTT 
TE ETI TNT 
IE TIT TTT 
AM ETT TAT 
LTH FUT TEU 


360 0 
1MHz 10 MHz 100 MHz 1GHz 1MHz 10 MHz 100 MHz 
FREQUENCY (Hz) FREQUENCY (Hz) 


OP20520S 


GAIN (dB) 


PHASE (DEG) 


1GHz 


OP20530S 


Power Bandwidth Power Bandwidth 


P-P OUTPUT (V) 
P-P OUTPUT (V) 


GAIN (-2) 
Voc = =8V 
Ru = 2K? 


OP05212S 


OMHz 
FREQUENCY (Hz) 


5539 Open-Loop Gain vs Frequency 


GAIN (dB) 


a8 BELOW REF. 
! 


1 Mibtz 10 Miz 100 MHz 300 Miz 


OP05222S OP05231S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


‘5539 Open-Loop Phase vs Frequency Gain Bandwidth Product vs Frequency 


o 
8 
7) 
< 
z 


Voc = t6V 
Ry = 1262 


10 Miriz 
FREQUENCY (Hz) 
FREQUENCY (Hz) 


OP05251S 


NOTE 


LIMA, ‘ietiouion 65°C < Ty < 128°C 


OP05241S 
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DESCRIPTION 

The 5560 is a control circuit for use in 
switched mode power supplies. This single 
monolithic chip incorporates all the control 
and housekeeping (protection) functions 
required in switched mode power supplies, 
including an internal temperature compen- 
sated reference source, internal Zener ref- 
erences, sawtooth generator, pulse width 
modulator, output stage and various pro- 
tection circuits. 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
16-Pin Ceramic DIP 5560/BEA 


BLOCK DIAGRAM 


FORWARD Ry Cy SYNC INPUT 


FEEDBACK 
VOLTAGE 


GAIN ADJUST 


MODULATOR 
INPUT 


DUTY CYCLE 
CONTROL 


CURRENT 
LUMITING 


NOTE: 


1. See Voltage/Current fed supply characteristic curve. 
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Switched-Mode Power Supply 


Control Circuit 


16] FEED FORWARD 
115] OUTPUT (COLL) 
114] OUTPUT (EMIT) 


43] DEMAGNETIZATION’ 
OVERVOLTAGE 


Product Specification 
FEATURES PIN CONFIGURATION 
e Stabilized power supply 
e Temperature compensated Vee [1 
reference source ve(z 
4 
e Sawtooth generator FEEDBACK [3 
e Pulse width modulator Gan [41] 
e Remote on/off switching MODULATOR [5 | 
e Current limiting DUTY CYCLE (51 
CONTROL 
e Low supply voltage protection Rr 


e Loop fault protection cr [81 


e Demagnetization/overvoltage 
protection 


e Maximum duty cycle clamp 
e Feed forward control 
e External synchronization 


EXTERNAL DEMAGNETIZATION 


OVER-VOLTAGE PROTE(:TION 


_ R START 
Ss sT 


06V OP 
STABILIZED 
SUPPLY 
1 
10 


REMOTE Voc - 
ON OFF 
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110} REMOTE ONOFF 


9 | EXTERNAL SYNC 


853-0297 F07836 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING? UNIT 
Supply’ 
Vs Voltage forced mode eis oa 
Is Current fed mode 
Output transistor (at 20 — 30V max) 
Io Output current 
7 Collector voltage (Pin 15) ve + 4 4V 
Max. emitter voltage (Pin 14) 


Storage temperature range -§5 to +150 —— 


DC ELECTRICAL CHARACTERISTICS Vcc = 12V, unless otherwise specified. 


| Min | typ | Max | Min | Typ | Max 
Reference Section 
[ver [omaowresvtows | ——~S~Si*d Sw Teme [aes] [aes] v 
favecnat [Tenpermweconaen | SYST} | 
ve ___[iomazowrvomonee [beta | re[esfes| | | | v_ 
Ea 


Oscillator Section 


OO 


ca nial accuracy oscilator ila it +} + 
Duy oycle range! fpazoerz | o | fle || 


Modulator, Pin 5 


Housekeeping Function 


fi [Psion | Pmeew | TT = | | [=] wm 
D.C. (6) Pin 6, duty cycle limit control (for 50% max duty cycle) 40 % of duty 
15kHz to 50kHz/41% of Vz cycle 
Voc(TH) Pin 1, low supply voltage 10.5 V 
protection thresholds 
VTH(3) Pin 3, feedback loop protec- 720 
tion trip threshold 


fio «| Pin 8, pullup current = 3, }Pin 3, pull up current up current | Ping =2V0 3= | Ping =2V0 


VTH(13) Pin 13, demagnetization/over 
voltage protection trip on 


threshold 
Pin 13, input current | Pint3=0.25V0 1340) | Pint3=0.25V0 0.6 ce 


pA | 
D.C. Pin 16, feed forward duty Pin 16 = 2vz % original 
a, en control aa cycle 
Fie) *Pin 16, feed forward | *Pin 16, feed forward input? | Pin 16 = 16V, Voc = 18V ++ | 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta =-55°C, +125°C UNIT 
Min] Typ | Max | win | Typ | Mex 


External Synchronization 


Vor [Pngof PC fe 
Vow [Pingon fee | 
fin _[Pnesinmanon | _pna-ov | [| - [-| | |-ws[ wa _ 
Remote 

Yorn [Pinto | 
Your [Pinson | 


Current Limiting 


Tp(11) Single pulse inhibit delay* Inhibit delay time for 20% 
(Pin 11) overdrive at 40mA lout 
VTH(SD) Trip Levels: site down, Slow 


VTH(CL) Trip Level: Current limit 


Error Amplifier 


a 

JOurputvottage swing | | 
a: Tee a 
eaten 


Output voltage swing 
Open-—loop gain 


V 
V 
A 


Feedback resistor 


OH 

OL 

) 
BW Small signal bandwidth 


Output Stage 


VCE(SAT) Output collector (Pin 15) VoesaT) Ic = 40mA ee 
VeE(MAX) Max emitter voltage (Pin 14)4 Vo = 12V, Ie = -200mA P55 | 6 | | | 


Supply Voltage/Current 


NOTE: 

1. See voltage/current fed supply characteristics curve. 

2. Operation beyond limits in the table may impair the useful life of the device. 
3. Does not include current for timing resistors or capacitors. 

4. This parameter is guaranteed but not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS MAXIMUM PIN VOLTAGES 


Maximum Voltage 


Error Amplifier 
Open-Loop Gain 


See Note 1 
Do not force (8.4V) 
Feedback Vz 
Gain 
Modulator Vz 
. Duty Cycle Control Vz 
Current force mode 


1. 
a. 
3. 
a 
5. 
6 
if 
8. 


GAIN (dB) 


. External Synch 

. Remote On/Off 

. Current Limiting 

. GND 

. Demagnetization/Overvoltage 
. Output (Emit) 

. Output (Collector) 

. Feed forward 


FREQUENCY (Hz) 


Error Amplifier NOTE: 


Open-Loop Phase 1. When voltage forced, max. is 18V; when current fed. max is 
30mA. See voltage/current fed supply characteristic curve. 


PHASE ANGLE (DEG) 


FREQUENCY (Hz) 


OP05270S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Graph for Determining dy,x Soft-Start Min. Duty Cycle vs R; + Ro 


| 
| 
Ti ° 
’ | zg 
3 DUTY o 
) CYCLE 2 
5 , ® CONTROL : 
: | : 
2 | 12 
| 
0 01 02 03 04 05 0E 07 08 O9 1 Ry * Ra OP05290S 
OP05280S 
5560 Voitage-/Current-Fed 
Power Derating Curve Supply Characteristics Current-Fed Dropping Resistor 


Pd MAX (W) 


vec = Vs - Vcc 
(10 to 20 mA) 


SEE DC ELECTRICAL 
CHARACTERISTICS 
FOR CURRENT FED 


Ta 
OPERATING CURVE Voc RANGE. 
OP05310S TC08780S 
OP05300S 
Regulation vs Error Transfer Curve of Pulse-Width 
Amp Closed-Loop Gain Modulator Duty Cycle vs Input Voltage 
aVo/V, ,,(%) 5 

; V4, 5,6 (V) 

OP05320S OP05330S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Duty Cycle Sensitivity to Feed-Forward 


Typical Frequency Plot vs Rr and Cry 


{(kb2z) 


THEORY OF OPERATION 
The following functions are incorporated: 
— A temperature compensated reference 
source. 


— An error amplifier with Pin 3 as input. 
The output is connected to Pin 4 so that 
the gain is adjustable with external resis- 
tors. 

— A sawtooth generator with a TTL-com- 
patible synchronization input (Pins 7,8,9). 

— A pulse-width modulator with a 
duty-cycle range from 0 to 95%. 


(The PWM has two additional inputs: 


Pin 6 can be used for a precise setting of 5max. 


Pin 5 gives a direct access to the modulator, al- 
lowing for real constant current operation:) 

— Agate at the output of the PWM pro- 
vides a simple dynamic current limit. 

— A latch that is set by the flyback of the 
sawtooth and reset by the output pulse of 
the above-mentioned gate prohibits 
double pulsing. 


— Another latch functions as a start-stop 
circuit; it provides a fast switch-off anda 
slow start. 


— Acurrent protection circuit that operates 
via the start-stop circuit. This is a com- 
bined function with the current limit cir- 
cuit, therefore Pin 11 has two trip-on lev- 
els; the lower one for cycle-by-cycle cur- 
rent limiting, the upper one for current 
protection by means of switch-off and 
slow-start. 
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OuTy CYCLE 


— ATTL-compatible remote on/off input at 
Pin 10, also operating via the start-stop 
circuit. 

— An inhibit input at Pin 13. The output 
pulse can be inhibited immediately. 

— An output gate that is commanded by the 
latches and the inhibit circuit. 

— An output transistor of which both the 
collector (Pin 15) and the emitter (Pin 14) 
are externally available. This allows for 
normal or inverse output pulses. 


— A power supply that can be either volt- 
age or current driven (Pins 1 and 12). 
The internally generated stabilized output 
voltage Vz is connected to Pin 2. 

— A special function is the so-called 
feed-forward at Pin 16. The amplitude of 
the sawtooth generator is modulated in 
such a way that the duty cycle becomes 
inversely proportional to the voltage on 
this pin: 6 ~ 1/V16 

— Loop fault protection circuits assure that 
the duty-cycle is reduced to zero or a low 
value for open or short-circuited feed- 
back loops. 


Stabilized Power Supply 

(Pins 1, 2, 12) 

The power supply of the 5560 is of the well 
known series regulation type and provides a 
stabilized output voltage of typically 8.5V. 

This voltage Vz is also present at Pin 2 and can 
be used for precise setting of 5 max. and to sup- 
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Voltage (Pin 16) 


ply external circuitry. Its max. current capability 
is 5mA. 


The circuit can be fed directly from a DC voltage 
source between 10.5V and 18V or can be cur- 
rent driven via a limiting resistor. In the latter 
case, internal pinch-off resistors will limit the 
maximum supply voltage: typical 23V for 10mA 
and max. 30V for 30mA. 


The low supply voltage protection is active 
when V(1 — 12) is below 10.5V and inhibits the 
output pulse (no hysteresis). 


When the supply voltage surpasses the 10.5V 
level, the IC starts delivering output pulses via 
the slow-start function. 


The current consumption at 12V is less than 
10mA, provided that no current is drawn from 


Vz and R(7 — 12) > 20kQ. 


The Sawtooth Generator 

Figure 2 shows the principal circuitry of the os- 
cillator. A resistor between Pin 7 and Pin 12 
(GND) determines the constant current that 
charges the timing capacitor C(8 — 12). 


This causes alinear increasing voltage on Pin 8 
until the upper level of 5.6V is reached. Compa- 
rator H sets the RS flip-flop and Q, discharges 
C(8— 12) down to 1.1V, where comparator L re- 
sets the flip-flop. During this flyback time, Q2 in- 
hibits the output. 


Synchronization at a frequency lower than the 
free-running frequency is accomplished via the 
TTL gate on Pin 9. By activating this gate 
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(V2 < 2V), the setting of the sawtooth is pre- 
vented. This is indicated in Figure 3. 


Figure 4 shows a typical plot of the oscillator fre- 
quency against the timing capacitor. The fre- 
quency range of the 5560 goes from < 50Hz up 
TO OUTPUT LATCH to > —100kHz. 


Reference Voltage Source 

The internal reference voltage source is based 
on the bandgap voltage of silicon. Good design 
practice assures a temperature dependency 
typically + 100ppm/°C. The reference voltage 
is connected to the positive input of the error 
amplifier and has a typical value of 3.72V. 


Error Amp Compensation 

For closed-loop gains less than 40dB, it is nec- 
essary to add a simple compensation capacitor 
as shown in Figures 4, 5. 


Error Amplifier with Loop-Fault 


Protection Circuits 

This operational amplifier is of a generally used 

concept and has an open-loop gain of typically 

monn INHIEIT 60dB. As can be seen in Figure 5, the inverting 
oer input is connected to Pin 3 for a feedback infor- 

mation proportional to Vo. 


The output goes to the PWM circuit, butis also 
connectedto Pin 4, so that the required gain can 
Midi ae eres edad ae cece be set with Rs and R(3 - 4). This is indicated in 
Figure 5, showing the relative change of the 
feedback voltage as a function of the duty cycle. 


Additionally, Pin 4 can be used for phase shift 
Figure 3. Sawtooth Oscillator Synchronization networks that improve the loop stability. 


OPEN LOOP GAIN 


SLOPE 
20dB/DECADE 


IkHz2 10kHz 


Figure 4. Error Amplifier Compensation Figure 5. Error Amplifier 


November 12, 1986 152 


Signetics Military Linear Products Product Specification 


Switched—Mode Power Supply Control Circuit 5560 


When the SMPS feedback loop is interrupted, 
the error amplifier would settle in the middle of 
its active region because of the feedback via 
R(3 —4). This would resultin a large duty cycle. 
Acurrent source on Pin 3 prevents this by push- 
ing the input voltage high via the voltage drop 
over R(3 —4). As aresult, the duty cycle will be- 
come zero, provided that R(3—4) > 100k. When 
the feedback loop is short-circuited, the duty 
cycle would jump to the adjusted max. duty 
cycle. Therefore, an additional comparator is 
active for feedback voltages at Pin 3 below 
0.6V. Now an internal resistor of typically 1k is 


shunted to the impedance on the duax setting 
Pin 6. Depending on this impedance, 8 will be 


0P0s370s reduced to a value 55. This will be discussed 
further. 


AVO/V,,,(%) 


The Pulse-Width Modulator 

START! The function of the PWM circuitis to translate a 
ad feedback voltage into a periodical pulse of 
which the duty cycle depends on that feedback 
voltage. As can be seen in Figure 6, the PWM 
circuit in the 5560 is a long-tailed pair in which 
the sawtooth on Pin 8 is compared with the 
LOWEST voltage on either Pin 4 (error amplifi- 


er), Pin 5, or Pin 6 Swax and slow-start). The 
transfer graph is given in Figure 7. The output of 
the PWM causes the resetting of the output 
bistable. 


TC08810S 


b. Pulse-Width Modulation 


Figure 6 


RBRAR SEP ae 
pi ttt | AT 


MAXIMUM DUTY CYCLE % 


Va. 5, 6(V) 


OP05380S 


Figure 7. Transfer Curve of Pulse Width Modulator 
Duty Cycle vs Input Voltage Figure 8. Graph for Determining 5 
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Ces oe 


SSSI 
aS No 

== SSN 
aS 
= 


103 4 


$ 6 7 89104 


Figure 9. Soft-Start Min Duty Cycle vs R; + Re 


Figure 10. Current Protection Input 


Limitation of the Maximum Duty 
Cycle 

With Pins 5 and 6 not connected and with arath- 
er low feedback voltage on Pin 3, the 5560 will 


deliver output pulses with a duty cycle of =95%. 
In many SMPS applications, however, this high 


5 will cause problems. Especially in forward 
converters, where the transformer will saturate 


when 6 exceeds 50%, a limitation of the max. 
duty-cycle is a must. 


A DC voltage applied to Pin 6 (PWM input) will 
set Smax, at a value in accordance with Figure 


7. For low tolerances of dyax, this voltage on 
Pin 6 should be set with a resistor divider from 
Vz (Pin 2). The upper and lower sawtooth levels 
are also set by means of an internal resistor di- 
vider form Vz, so forming a bridge configuration 
with the Swax setting is low because tolerances 
in Vz are compensated and the sawtooth levels 
are determined by internal resistor matching 
rather than by absolute resistor tolerance. Fig- 
ure 8 can be used for determining the tap on the 


bleeder for a certain 5yax setting. 
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RESET 
OF OUTPUT 
BISTABLE 
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As already mentioned, Figure 9 gives a graphi- 


cal representation of this. The value So is lim- 
ited to the lower and the higher side; 


e It must be large enough to ensure that at 
max. load and min. input voltage the result- 
ing feedback voltage on Pin 3 exceeds 
0.6V. 


@ It must be small enough to limit the amount 
of energy in the SMPS when a loop-fault 
occurs. In practice a value of 10 — 15% will 
be a good compromise. 


Extra PWM Input (Pin 5) 

The PWM has an additional inverting input: Pin 
5. It allows for attacking the duty cycle via the 
PWM circuit, independently from the feedback 


and the dyax information. This is necessary 
when the SMPS must have a real constant cur- 
rent behavior, possibly with a fold-back charac- 
teristic. However, the realization of this feature 
must be done with additional external compo- 
nents. When not used, Pin 5 should be tied to 
Pin 6. 
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CYCLE-BY-CYCLE 
LIMITING 


' 
| 
' 
i] 
1 
i] 
HICCUP MODE - - . 
1 
1 
i] 


' 
LEVEL 1 


Figure 11. Output Characteristic 


Dynamic Current Limit and Current 


Protection (Pin 11) 
In many applications, itis notnecessary to have 
a real constant current output of the SMPS. 


Protection of the power transistor will be the 
prime goal. This can be realized with the 5560 in 
an economical way. A resistor (or a current 
transformer) in the emitter of the power transis- 
tor gives a replica of the collector current. This 
signal must be connected to Pin 11. As can be 
seen in Figure 10, this input has two compara- 
tors with different reference levels. The output 
of the comparator with the lower 0.48V refer- 
ence is connected to the same gate as the out- 
put of the PWM. 


When activated, it will immediately reset the 
output flip-flop, so reducing the duty cycle. The 
effectiveness of this cycle-by-cycle current limit 


diminishes at low duty cycle values. When 5 be- 
comes very small, the storage time of the power 
transistor becomes dominant. The current will 
now increase again, until it surpasses 
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the reference of the second comparator. The 
output of this comparatci activates the start/ 
stop circuit and causes an immediate inhibit of 
the output pulses. After a certain dead-time, the 
circuit starts again with very narrow output 
pulses. The effect of this two-level current pro- 
tection circuit is visualized in Figure 11. 


START! 
The Start/Stop Circuit 


ool craweue The function of this protection circuit is to stop 
VOLTAGE the output pulses as soon as a fault occurs and 
PROTECTION to keep the output stopped for several periods. 


After this dead-time, the output starts with a 
very small, gradually increasing duty cycle. 
When the fault is persistent, this will cause a cy- 
clic switch-off/switch-on condition. This “hic- 
cup” mode limits effectively the energy during 
fault conditions. The realization and the working 
of the circuit is indicated in the Figures 12 and 
.13. The dead-time and the soft-start are deter- 
mined by an external capacitor that is con- 


nected to Pin 6 (Sax setting). 


nndiae ARS flip-flop can be set by three different func- 
tions: 


Figure 12. Start/Stop Circuit 1. Remote on/off on Pin 10. 
2. Overcurrent protection on Pin 11. 


3. Low supply voltage protection (internal). 


5.6V 

Vs / AALS i I / / / H || / / / [tf aureorn As soon as one of these functions cause a set- 

UY VW W/O wo VV VV Vi WY ting of the flip-flop, the output pulses are 

blocked via the output gate. In the same time 

transistor Q,; is forward-biased, resulting in a 
discharge of the capacitor on Pin 6. 


' 
' 
DISCHARGE CHARGE ________—.6V 


The discharging currentis limited by an internal 


150Q resistor in the emitter of Q;. the voltage at 
Pin 6 decreases to below the lower level of the 
sawtooth. When V6 has dropped to 0.6V, this 
will activate a comparator and the flip-flop is re- 
set. The output stage is no longer blocked and 
ee Q; is cut-off. Now Vz will charge the capacitor 


via R; to the normal Syax voltage. The output 
Figure 13. Start/Stop Circuit starts delivering very narrow pulses as soon as 
Ve exceeds the lower sawtooth level. The 
duty-cycle of the output pulse now gradually in- 
creases to a value determined by the feedback 


on Pin 3, or by the static dyax setting on Pin 6. 


Remote On/Off Circuit (Pin 10) 

In systems where two or more power supplies 
are used, it is often necessary to switch these 
supplies on and off in a sequential way. Further- 
more, there are many applications in which a 
supply must be switched by a logical signal. 
This can be done via the TTL-compatible re- 
mote on/off input on Pin 10. The output pulse is 
inhibited for levels below 0.8V. The output of the 
IC is no longer blocked when the remote on/off 
input is left floating or when a voltage > 2V is 
applied. Start-up occurs via the slow-start 
circuit. 
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The Output Stage 

The output stage of the 5560 contains a flip-flop, 
a push-pull driven output transistor, and a gate, 
as indicated in Figure 14. The flip-flop is set by 
the flyback of the sawtooth. Resetting occurs by 
a signal either from the PWM or the current limit 
circuit. With this configuration, it is assured that 
the outputis switched only once per period, thus 
prohibiting double pulsing. The collector and 
emitter of the output transistor are connected 
respectively to Pin 15 and Pin 14, allowing for 
normal or inverted output pulses. An internally 
grounded emitter would cause untolerable volt- 
age spikes over the bonding wire, especially at 
high output currents. 


FLYBACK 


FROM START STOP This current capability of the output transistor is 


bile 40mA peak for Veg =0.4V. Aninternal clamping 
diode to the supply voltage protects the collec- 
tor against overvoltages. The max. voltage at 
the.emitter (Pin 14) must not exceed +5V. A 
gate, activated by one of the set or reset pulses, 
or by acommand from the start-stop circuit will 
immediately switch-off the output transistor by 
short-circuiting its base. The external inhibitor 
(Pin 13) operates also via this base. 


The signal V;3 can be derived from the demagnetizing winding in a forward converter as shown below. 


Demagnetization Sense 

As indicatedin Figure 14, the output of this NPN 
comparator will block the output pulse, when a 
voltage above 0.6V is applied to Pin 13. A spe- 
cific application for this function is to prevent 
saturation of forward converter transformers. 
This is indicated in Figure 15. 


Feed-Forward (Pin 16) 


The basic formula for a forward converter is 


OP05420S 


Figure 14. Output Stage SVin 
Vout = 


(n=transformer ratio) 


This means that in order to keep Voy7 at a con- 


stant value, the duty cycle 6 must be made in- 
versely proportiorial to the input voltage. A pre- 
regulation (feed-forward) with the function 


5~1/Vin can ease the feedback-loop design. 


This loop now only has to regulate for load vari- 
ations, which require only a low feedback gain 
in the normal operation area. The transformer of 
a forward converter must be designed in sucha 
way that it does not saturate, even under tran- 
sient conditions, where the max. inductance is 


determined by Syax X Vin max. A regulation of 


Swax~1/Vin will allow for a considerable reduc- 
tion or simplification of the transformer. The 


WF 15470S 


function of 5~1/Vj,, can be realized by using Pin 
16 of the 5560. 


Figure 15. Output Stage Inhibit 
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DO NOT EXCEEO Voc 


FEEO-FORWARD INPUT 


Ts 


TC08852S 


Figure 16. External 6 Maximum Control 


WORKING 
6 LEVEL 


OP05430S 


OUTY CYCLE 


PL Pee eee 16 
z 


OP05440S 


Figure 18. Feed-Forward Regulation 
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Figure 16 shows the electrical realization. 
When the voltage at Pin 16 exceeds the stabi- 
lized voltage Vz (Pin 2), it will increase the 
charging current for the timing capacitor on 
Pin 8. 


The operating frequency is not affected, 
because the upper trip level for sawtooth in- 


creases also. Note that the Syax voltage on Pin 
6 remains constant because itis set via Vz. Fig- 


ure 17 visualizes the effect on dyax and the nor- 
mal operating duty cycle 6. For Vig = 2 X Vz 
these duty cycles have halved. The graph for 6 


= f(V4g) is given in Figure 18. (Note: V;gmustbe 
less than Pin 1 voltage.) 


APPLICATIONS 


5560 Push-Pull Regulator 

This application describes the use of the Sig- 
netics 5560 adapted to function as a push-pull 
switched mode regulator, as shown in Figures 
19 and 20. 


Input voltage range is +12 to +18V for anominal 
output of +30 and-30V at a max. load current of 
1A with an average efficiency of 81%. 


Features include feed-forward input compen- 
sation, cycle-to-cycle drive current protection 
and other voltage sensing, line (to positive out- 
put) regulation < 1% for an input range of +13 to 
+18V and load regulation to positive output of 


< 3% for Al (+) of 0.1 to 1A. 


The main pulse width modulator operates to 
48kHz with power switching at 24kHz. 
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TYPICAL APPLICATION 


1 


o2 
2N2222 


OVERVOLTAGE SENSE 


| 1.2K 


39Q = || 
1W COMMON 
DRIVE ; : TO 
O 


0 ©) 
+V 
2W 


-v SENSE COMMON 
COM 


3Q 
1W 


1.2K 
2W 
Cc 


OMMON 


TO 
COMMON 


CURRENT SENSING 
NETWOR 


TC08872S 


NOTES: 
Power ground and’ signal ground must be kept separated 


T;, Primary = 130T (C.T.) #26 
Secondary = 18T (C.T.) #22 
Core = Ferroxcube 3622 

3C8 material 


C.T. = 50T #26 on 
Ferroxcube 2616 core (3C8) 
F2D bobbin 


T2, Primary = 16T (C.T.) #18 Secondaries (each) 52T (C.T.) #22, 
Core = Ferroxcube 4229 3C8 material 
L}, Lo =120T #20 on single gapped EC35 Ferroxcube core. 3C8 material. 


Figure 19. 5560 Push-Pull Switch Mode Regulated Supply with CMOS Drive Conversion Logic 
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REMOTE 
ONIOFF 


SENSE 
COMMON 


ufc] 
OVERVOLTAGE SENSE 


4:3.28 I1N3801 


COMMON 
° TO 

SENSE 

COMMON 


COMMON 


to® 10 


COMMON 


CURRENT SENSING 
NETWORK 


TC08861S 


NOTES: 
Power ground and signal ground must be kept separated 
T,, Primary = 130T (C.T.) #26 
Secondary = 18T (C.T.) #22 
Core = Ferroxcube 3622 
3C8 material 
C.T. = 50T ‘#26 on 
Ferroxcube 2616 core (3C8) 
F2D bobbin 
T2, Primary = 16T (C.T.) #18 Secondaries (each) 52T (C.T.) #22, 
Core = Ferroxcube 4229 3C8 material 
L;, Lo = 120T #20 on single gapped EC35 Ferroxcube core. 3C8 material. 


Figure 20. 5560 Push-Pull Switch Mode Regulated Supply with TTL Drive Conversion Logic 
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DESCRIPTION 

The 733 is a monolithic differential input, 
differential output, wideband video ampilifi- 
er. lt offers fixed gains of 10, 100 or 400 
without external components, and adjust- 
able gains from 10 to 400 by the use of an 
external resistor. No external frequency 
compensation components are required 
for any gain option. Gain stability, wide 
bandwidth and low phase distortion are 
obtained through use of the classic series- 
shunt feedback from the emitter-follower 
outputs to the inputs of the second stage. 
The emitter-follower outputs provide low 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL 
Differential input voltage 


UuA/33 


Differential Video Amplifier 


Product Specification 


output impedance, and enable the device 
to drive capacitive loads. The 733 is in- 
tended for use as a high-performance vid- 
eo and pulse amplifier in communications, 
magnetic memories, display and video 
recorder systems. 


FEATURES 
e 120MHz bandwidth 


e 250kQ input resistance 
e Selectable gains of 10,100 and 400 


e No frequency compensation 
required 


PARAMETER 


Common mode input voltage range 


Voc Supply voltage 


Output current 


Junction temperature 


Storage temperature range 


Pp Power dissipation 


CIRCUIT SCHEMATIC 


February 23, 1987 


O OUTPUT 2 


TCO8980S 


160 


APPLICATIONS 
e Video amplifier 


e Pulse amplifier in communications 
e Magnetic memories 
e Video recorcler systems 


RATING! 
35 

26 

28 

10 
+150 
-65 to +150 
670 


PIN CONFIGURATION 


Gra GAIN 
SELECT 
G 1A GAIN 
SELECT 


Gog GAIN 


SELECT 
SELECT 


OUTPUT 2 18 | OUTPUT 1 


CDO9960S 


ORDERING INFORMATION 


DESCRIPTION 
14-Pin Ceramic DIP 


ORDER CODE 


[1A733/BCA 
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ELECTRICAL CHARACTERISTICS Ta, = +25°C, Vs = +6V, VCM = 0, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS Ta = +25°C Ta = -55°C, +125°C UNIT 


Differential voltage gain, 
Gain 12 
Gain 23 Ry = 2kQ, Vo = 3Vpp 
Gain 34 
Bandwidth 
Gain 12 
Gain 23 
Gain 34 
Rise time 
Gain 12 
Gain 2° 
Gain 34 
Propagation delay 
Gain 1? 
Gain 23 
Gain 34 
Input resistance 
Gain 19 
Gain 2° 
Gain 34 
Input capacitance? 
Input offset current 
Input bias current 
Input noise voltage BW = 1kHz to 10MHz 
Input voltage range 
Common mode rejection ratio 
Gain 2 Vom =+1V 
Gain 2 Vom = +1V, f = 5MHz 
Supply voltage rejection ratio 
Gain 2 AVs = +0.5V 
Output offset voltage 


Gain 1 Rg = 509, R, = 00 
Gain 2 and 33:4 


Output common mode voltage | Rs = 5022, Ri = 0 
Output voltage swing differen- 
tial R, = 2kQ 


Output sink current Ry = 1kQ 
Output resistance 


Power supply current R, = 0° 


NOTES: 

1. Operation beyond the limits of this table may impair the useful life of the device. 
2. Gain select Pins G;, and Gp connected together. 

3. Gain select Pins Goa and Gog connected together. 

4. All gain pins open. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Phase Shift as a Phase Shift as a Voltage Gain as a 
Function of Frequency Function of Frequency Function of Frequency 


SGREEEE Te 
Vg= tev Ta= 2c 
TINT Tite ate 


PHASE SHIFT—DEGREES 
SINGLE ENDED VOLTAGE GAIN—dB 


PHASE SHIFT—DEGREES 
i] 1 ' 


FREQUENCY—MHz FREQUENCY—MHz FRIEQUENCY—MHz 


OP05620S OP05630S OP05640S 


Common Mode Rejection Output Voltage Swing 
Ratio as a Function as a Function 
of Frequency of Frequency Pulse Response 
1.6 
GAIN 2 


Vs t6V 
Ta= 25°C 


OUTPUT VOLTAGE—V 


a 

a 
> 

| 
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z 
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” 
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- 
= 
° 
> 
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=] 
a 
= 
 ] 
° 


COMMON MODE REJECTION RATIO—dB 


: -0. 
10M 5 0 -15 - = 5 10 15 20 25 30 35 


FREQUENCY—MHz FREQUENCY—MHz TIME —ns 


OPO5650S OP05660S OP05670S 


Pulse Response Pulse Response 
Differential Overdrive as a Function as a Function 
Recovery Time of Supply Voitage of Temperature 


OVERDRIVE RECOVERY TIME—ns 
OUTPUT VOLTAGE—V 
OUTPUT VOLTAGE—V 


0 -0.4 = 
0 20 40 60 80 100 120 140 160 180 200 -15 -10 -5 10 15 aS = 5 10 15 20 25 
DIFFERENTIAL INPUT VOLTAGE—mV TIME—ns TIME—ns 


OP05680S OP05700S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
Voltage Gain Gain vs Frequency Voltage Gain 


as a Function as a Function as a Function of 
of Temperature of Temperature Supply Voltage 


CTL TINAIE 
CTC 


RELATIVE VOLTAGE GAIN 
SINGLE ENDED VOLTAGE GAIN—dB 
RELATIVE VOLTAGE GAIN 


3 
TEMPERATURE— °C re GtenerS aeee SUPPLY VOLTAGE — +V 


OP05710S OP05720S OP05730S 


Gain vs Frequency Voltage Gain 
as a Function Voltage Gain as a Function 
of Supply Voltage Adjust Circuit of RADJ (Figure 3) 


CUTTING HII 
EAT UT NVI 
CUT TTT IN 


DIFFERENTIAL VOLTAGE GAIN 
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a 
2 
wi 
w 
— 
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00 
FREQUENCY—MHz : 
(Pin numbers apply to K Package) 


OP05740S OP05750S OP05760S 


Supply Current Supply Current Output Voltage and Current 
as a Function as a Function Swing as a Function of 
of Temperature of Supply Voltage Supply Voltage 


+ 


SUPPLY CURRENT—mA 
SUPPLY CURRENT—mA 
SERSRAUEE 
& 
jt it TIN de 
OUTPUT VOLTAGE SWING—V OR 
OUTPUT SINK CURRENT—mA 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Voltage Swing Input Resistance Input Noise Voltage 
as a Function as a Function as a Function 
of Load Resistance of Temperature of Source Resistance 
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DESCRIPTION 
The Signetics 2681 Dual Universal 
Asynchronous Receiver/Transmitter 


(DUART) is a single-chip MOS-LSI com- 
munications device that provides two in- 
dependent _full-duplex asynchronous 
receiver/Aransmitter channels in a single 
package. It interfaces directly with micro- 
processors and may be used in a polled 
or interrupt driven system. 


The operating mode and data format of 
each channel can be programmed inde- 
pendently. Additionally, each receiver and 
transmitter can select its operating speed 
as one of eighteen fixed baud rates, a 16X 
clock derived from a programmable coun- 
ter/timer, or an external 1X or 16X clock. 
The baud rate generator and counter/tim- 
er Can operate directly from a crystal or 
from external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications such 
as clustered terminal systems. 


Each receiver is quadruply buffered to 
minimize the potential of receiver over-run 
orto reduce interrupt overhead in interrupt 
driven systems. In addition, a flow control 
capability is provided to disable a remote 
DUART transmitter when the buffer of the 
receiving device is full. 
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FEATURES 
@ Dual full-duplex asynchronous 
receiver/transmitter 


© Quadruple buffered receiver data 
registers 
© Programmable data format 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force 
parity 
- 1, 1.5 or 2 stop bits program- 
mable in 1/16-bit increments 


@ Programmable baud rate for each 
receiver and transmitter selectable 
from: 

— 18 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived 
from programmable timer/counter 


— External 1X or 16X clock 


© Parity, framing, and overrun error 
detection 


© False start bit detection 

® Line break detection and genera- 
tion 

@ Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote loopback 

® Multifunction programmable 16-bit 
counter/timer 

® Multifunction 7-bit input port 


— Can serve as clock or control in- 
puts 


— Change of state detection on four 
inputs 
® Multifunction 8-bit output port 
— Individual bit set/reset capability 


— Outputs can be programmed to 
be status/interrupt signals 


167 


28-PIN CONFIGURATION 


X2 
X1/CLK 
RxDA 
TxDA 
OPO 

DO 

D2 

D4 

D6 
INTRN 


CD00142S 


TOP VIEW 


© Versatile interrupt system 


— Single interrupt output with eight 
maskable interrupting conditions 


— Output port can be configured to 
provide a total of up to six sepa- 
rate wire-ORable interrupt out- 
puts 


® Maximum data transfer: 
1X — 1MB/sec, 16X — 125kB/sec 


@ Automatic wake-up mode for multi- 
drop applications 


@ Start-end break interrupt/status 


® Detects break which originates in 
the middle of a character 


® On-chip crystal oscillator 
© TTL compatible 
®@ Single +5V power supply 
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ORDERING INFORMATION 


40-PIN CONFIGURATION 44-PIN CONFIGURATION 52-PIN CONFIGURATION 


Ay [1] 52] Voc 
IPS | 2 | 51] ipa 
A, 13. 50] Ips 
IPI | 4 | 49] IPS 
Az 15] 48] Ip2 
Az [6 | NC 
NC 46] NC 
NC [8 | 45] NC 
NC [9] 44] CEN 
IPO [10) [43] RESET 
CD15610S WRN [11 42] x2 
sae. RDN [12] 41] X1/CLK 
_— RxDB {13} FLAT 40) RxDA 
TxDA TxDB [14] TxDA 
OPO OP1 (15) [38] OPO 
Op2 OP3 [16) 137] OP2 
OP4 OP5 36] OP4 
OP6 23 OP7 [18) 35} OPS 
24 
Do 25 NC 34] NC 
D2 26 
27 NC [20] 33] NC 
. nc [21 32] NC 
=r Dy 31] Do 
re D3 [23 [30] D2 
TOP VIEW — 3 Ds [24] Ds 
= Dy [25] 128] De 
- GND [26] INTRN 
ve CD15551S 
za TOP VIEW 
44 
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PIN DESCRIPTION 


SYMBOL APPLICABLE 
| 52 | 44 | ao | 26 
X X X X 


NAME AND FUNCTION 


Data Bus: Bidirectional 3-State data bus used to transfer commands, data and 
status between the DUART and the CPU. DO is the least significant bit. 


TYPE 
Ke) 


Chip Enable: Active-Low input signal. When Low, data transfers between the 
CPU and the DUART are enabled on DO-D7 as controlled by the WRN, RDN and 
AO-A3 inputs. When High, places the DO-D7 lines in the 3-State condition. 


Write Strobe: When Low and CEN is also Low, the contents of the data bus is 
loaded into the addressed register. The transfer occurs on the rising edge of the 
signal. 


Read Strobe: When Low and CEN is also Low, causes the contents of the ad- 
dressed register to be presented on the data bus. The read cycle begins on the 
falling edge of RDN. 


Address Inputs: Select the DUART internal registers and ports for read/write 
operations. 


Reset: A High level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), 
puts OPO-OP7 in the High state, stops the counter/timer, and puts Channels A 
and B in the inactive state, with the TxDA and TxDB outputs in the mark (High) 
state. 


INTRN Interrupt Request: Active-Low, open-drain, output which signals the CPU that 


one or more of the eight maskable interrupting conditions are true. 


X1/CLK Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits 
must be supplied at all times. When a crystal is used, a capacitor must be con- 


nected from this pin to ground (see Figure 5). 


Crystal 2: Connection for other side of the crystal. When a crystal is used, a 
capacitor must be connected from this pin to ground (see Figure 5). 


Channel A Receiver Serial Data Input: The least significant bit is received first. 
“Mark” is High, “space” is Low. 


Channel B Receive Serial Data Input: The least significant bit is received first. 
“Mark” is High, “space” is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is trans- 
mitted first. This output is held in the “mark” condition when the transmitter is dis- 
abled, idle or when operating in local loopback mode. “Mark” is High, “space” is 
Low. 


Channel B Transmitter Serial Data Output: General purpose output or Channel 
A request to send (RTSAN, active-Low). Can be deactivated automatically on 
receive or transmit. 


Output 0: General purpose output or Channel B request to send (RTSBN, ac- 
tive-Low). Can be deactivated automatically on receive or transmit. 


Output 1:. General purpose output or Channel A transmitter 1X or 16X clock out- 
put, or Channel A receiver 1X clock output. 


Output 2: General purpose output or open-drain, active-Low counter/timer output, 
or Channel B transmitter 1X clock output, or Channel B receiver 1X clock output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output 
or Channel B transmitter 1X clock output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active-Low, 
RxRDYA/FFULLA output. 


Output 5: General purpose output or Channel B open-drain, active-Low, 
RxRDYB/FFULLB output. 


Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYA 
output. 
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PIN DESCRIPTION (Continued) 


APPLICABLE 
SYMBOL | 52 | 44 | 40 | 28 TYPE NAME AND FUNCTION 
OP7 x 4 xX 


Output 7: General purpose output or Channel B open-drain, active-Low, TxRDYB 
output. 
Input 0: General purpose input or Channel A clear to send active-Low input 
(CTSAN). 
Input 1: General purpose input or Channel B clear to send active-Low input 
(CTSBN). 

X Input 2: General purpose input or counter/timer external clock input. 
Input 3: General purpose input or Channel A transmitter external clock input 
(TxCA). When the external clock is used by the transmitter, the transmitted data is 
clocked on the falling edge of the clock. 
Input 4: General purpose input or Channel B receiver external clock input 
(RxCA). When the external clock is used by the receiver, the received data is 
sampled on the rising edge of the clock. 
Input 5: General purpose input or Channel B transmitter external clock input 
(TxCB). When the external clock is used by the transmitter, the transmitted data is 
clocked on the falling edge of the clock. 
Input 6: General purpose input or Channel B receiver external clock input 
(RxCB). When the external clock is used by the receiver, the received data is 
sampled on the rising edge of the clock. 

X Power Supply: +5V supply input. 

X Ground: 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING 


All voltages with respect to ground? -0.5 to +6.0 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


Supply voltage 


an 
0 
[Fat evel nporvotage encanterer | 
, om 


3 
lou 
Ta 


Low level output current L | 
Te Operating free air temperature range? a 
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DC ELECTRICAL CHARACTERISTICS Ta = -55°C to +125°C,? Veg = +5.0V + 10%4:56 


SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | UNIT 
VoL Output Low voltage lo, = 2.4mA i 
Vou Output High voltage __ 

(except o.c. outputs) lon = -400}1A 


Data bus 3-State leakage current Vo = 0.4 to Vec p10 p10 
V 


lw(X1) X1/CLK Low input current 7 pee altars ao ey 
[=¥, “Ww. 
la(X1) X1/CLK High input current i . i ‘es ian 33 
1 = Voc, 
Ii(X2) X2 Low input current V, = 0, X1/CLK floated -100 -30 00 LA 
hna(X2) X2 High input current Vi = Voc, X1/CLK floated 0.0 | +30 | 100 | pA 


Open-drain output leakage current Vo = 0.4 to Voc | 10 | 
oa — ° 
loc Power supply current Voc = 5.5V, Ta = 25 to 125°C 
Voc = 5.5V, Ta = -55°C 
—- 
os 


AC CHARACTERISTICS Ty = -55°C to +125°C?, Veg = +5.0V + 10%4:5:6.7 


LIMITS 


Reset Timing (Figure 1) 


Bus Timing (Figure 2)® 


AO-A3 setup time to RDN, WRN Low 

A0-A3 hold time from RDN, WRN High 

CEN setup time to RDN, WRN Low 

CEN hold time from RDN, WRN High 

WRN, RDN pulse width 

Data valid after RDN Low 

Data bus floating after RDN High 

Data setup time before WRN High 

Data hold time after WRN High 

High time between READs and/or WRITE?:'0 


Output 


Port input setup time before RDN Low 
Port input hold time after RDN High 
Port output valid after WRN High 


Interrupt Timing (Figure 4) 


INTRN (or OP3-OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 
Reset command (delta break interrupt) 
Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 
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AC CHARACTERISTICS (Continued) T, =-55°C to + 125°C?, Vog = +5.0V + 10%45.6.7 


LIMITS 
SYMBOL PARAMETER Typ 


Clock Timing (Figure 5) 


X1/CLK High or Low time 
X1/CLK frequency 

CTCLK (IP2) High or Low time 
CTCLK (IP2) frequency 

RxC High or Low time 


RxC frequency (16X) 
(1X) 

TxC High or Low time 

TxC frequency (16X) 
(1X) 


Transmitter Timing (Figure 6) 


trxp'2 TxD output delay from TxC Low 
tros!* Output delay from TxC Low to TxD data output 


Receiver Timing (Figure 7) 


taxs!@ RxD data setup time to RxC High 240 
taxy'!@ RxD data hold time from RxC High 200 
NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 
For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 
This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
Parameters are valid over specified temperature range. 
All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 
ition time of < 20ns. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 
2.0V as appropriate. 
. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


Test condition for outputs: C, = 150pF, except interrupt outputs. Test condition for interrupt outputs: C, = 50pF, Ry = 21.7kQ to Voc. 

Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. In this 

case, all timing specifications apply referenced to the falling and rising edges of CEN, CEN and RDN (also CEN and WRN) are ANDed inter- 

nally. As a consequence, the signal asserted last initiates the cycle and the signal negated first terminates the cycle. 

9. If CEN is used as the ‘strobing’ input, the parameter defines the minimum High times between one CEN and the next. The RDN signal must 
be negated for tawp to guarantee that any status register changes are valid. 

10. Consecutive write operations to the same command register require at least three edges of the X1 clock between writes. 

11. This parameter is guaranteed, but not tested. 

12. This parameter is not applicable to the 28-Pin device. 


as ON 


ON ® 
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BLOCK DIAGRAM 


CHANNELA 
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RECEIVE 
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(3) 
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SHIFT REG 


BUS BUFFER 
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CONTROL 
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DECODE 


INTERRUPT 
CONTROL 
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(AS ABOVE) 


—— 


INPUT PORT 


CHANGE OF 
STATE 


TIMING DETECTORS (4) IPO-iP6 


BAUD RATE 
GENERATOR 


” 
= 
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«x < 
5 (a) 
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OUTPUT PORT 
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SELECT 
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X1/CLK —————————— 


X2 
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September 1, 1988 173 


Signetics Military Microprocessor Products 


Dual Asynchronous Receiver/Transmitter (DUART) 


BLOCK DIAGRAM 

The 2681 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the block diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. 


Interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR). The IMR may be pro- 
grammed to select only certain conditions to 
cause INTRN to be asserted. The ISR can be 
read by the CPU to determine all currently ac- 
tive interrupting conditions. 


Outputs OP3-OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
crystal oscillator operates directly from a 
3.6864MHz crystal connected across the 
X1/CLK and X2 inputs. If an external clock of 
the appropriate frequency is available, it may 
be connected to X1/CLK. The clock serves as 
the basic timing reference for the Baud Rate 
Generator (BRG), the counter/timer, and other 
internal circuits. A clock signal within the limits 
specified in the specifications section of this 
data sheet must always be supplied to the 
DUART. 


If an external is used instead of a crystal, both 
X1 and X2 should be driven using a configura- 
tion similar to the one in Figure 5. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4k 
baud. The clock outputs from the BRG are at 
16X the actual baud rate. The counter/timer 
can be used as a timer to produce a 16X clock 
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for any other baud rate by counting down the 
crystal clock or an external clock. The four 
clock selectors allow the independent selec- 
tion, for each receiver and transmitter, of any of 
these baud rates or external timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
it can be stopped and started under program 
control. In the timer mode, the C/T acts asa 
programmable divider. 


Communications 
Channels A and B 


Each communications channel of the 2681 
comprises a full-duplex asynchronous receiv- 
er/transmitter (UART). The operating frequen- 
cy for each receiver and transmitter can be 
selected independently from the baud rate gen- 
erator, the counter timer, or from an external in- 
put. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baud rate generator taps. This results inasam- 


pling period of slightly more than 25s (this as- 
sumes that the clock inputis 3.6864MHz). The 
detection circuitry, in order to guarantee that a 
true change in level has occurred, requires two 
successive samples at the new logic level be 
observed. As a consequence, the minimum 


duration of the signal change is 251s if the 
transition occurs “coincident with the first sam- 


ple pulse”. The 50s time refers to the situation 
in which the change-of-state is “just missed” 
and the first change-of-state is not detected un- 


til 25s later. 


Input Port 

The inputs to this unlatched 7-bit port can be 
read by the CPU by performing a read opera- 
tion at address D16. A High input results in a 
logic 1 while a Low input results in alogic 0. D7 
will always read as alogic 1. The pins of this 
port can also serve as auxiliary inputs to cer- 
tain portions fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP 1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs lasting longer than 25 — 
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50s, will set the corresponding bit in the input 
port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


Output Port 

The 8-bit multipurpose port can be used as a 
general purpose output port, in which case the 
outputs are the complements of the Output Port 
Register (OPR). OPR(n) = 1 results in 
OP(n) = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bitis set by 
performing a write operation at address E16 
with the accompanying data specifying the bits 
to be set (1 = set, 0 = no change). 


Likewise, a bitis reset by awrite at address F16 
with the accompanying data specifying the bits 
to be reset (1 = reset, O = no change). 


Outputs can be also individually assigned spe- 
cific functions by appropriate programming of 
the Channel A mode registers (MR1A, MR2A), 
the Channel B mode registers (MR1B, MR2B), 
and the Output Port Configuration Register 
(OPCR). 


OPERATION 


Transmitter 

The 2681 is conditioned to transmit data when 
the transmitter is enabled through the com- 
mand register. The 2681 indicates to the CPU 
that it is ready to accept a character by setting 
the TxRDY bitin the status register. This condi- 
tion can be programmed to generate an inter- 
ruptrequest at OP6 or OP7 and INTRN. When 
a character is loaded into the Transmit Holding 
Register (THR), the above conditions are ne- 
gated. Data is transferred from the holding re- 
gister to transmit shift register when it is idle or 
has completed transmission of the previous 
character. The TxRDY conditions are then as- 
serted again which means one full character 
time of buffering is provided. Characters can- 
not be loaded into the THR while the transmitter 
is disabled. 


The transmitter converts the parallel data from 
the CPU to aserial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, arid the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, ifa 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be setto 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. 


If the transmitter is disabled, it continues oper- 
ating until the character currently being trans- 
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mitted is completely sent out. The transmitter 
can be forced to send a continuous Low condi- 
tion by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The 2681 is conditioned to receive data when 
enabled through the commandregister. The re- 
ceiver looks for a High-to-Low (mark-to-space) 
transition of the start bit on the RxD input pin. 
If a transition is detected, the state of the RxD 
pin is sampled each 16X clock for 7 1/2 clocks 
(16X clock mode) or at the next rising edge of 
the bit time clock (1X clock mode). If RxD is 
sampled High, the start bit is invalid and the 
search for a valid start bit begins again. If RxD 
is still Low, a valid start bit is assumed and the 
receiver continues to sample the input atone bit 
time intervals at the theoretical center of the bit, 
until the proper number of data bits and parity 
bit (if any) have been assembled, and one stop 
bit has been detected. The least significant bit 
is received first. The data is then transferred to 
the Receive Holding Register (RHR) and the 
RxRDY bitin the SRis settoa1. This condition 
can be programmed to generate an interrupt at 


Table 1. 


Lhe hn SOO Sooo So 
ita uwOOoo4“848.90000 
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OP4orOP5 andINTRN. Ifthe character length 
is less than eight bits, the most significant un- 
used bits in the RHR are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, ifa non-zero character was received without 
a stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new Start bit transition had been detected at 
that point (one-half bit time after the stop bitwas 
sampled). 


The parity error, framing error, overrun error 
and received break state (if any) are strobed 
into the SR at the received character boundary, 
before the RxRDY status bit is set. If a break 
condition is detected (RxD is Low for the entire 
character including the stop bit), a character 
consisting of all zeros will be loaded into the 
RHR and the received break bitin the SR is set 
to 1. The RxD input must return to a High 
condition for at least one-half bit time before a 
search for the next start bit begins. 


The RHR consists of a First-In-First-Out (FIFO) 
stack with a capacity of three characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status register is set whenever 


one or more characters are available to be. 


read, and a FFULL status bit is set if all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character in the 
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| AO READ (RDN = 0) WRITE (WRN = 0) 


Mode Register A (MR1A, MR2A) 
Status Register A (SRA) 
*Reserved* 

Rx Holding Register A (RHRA) 
Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 

Mode Register B (MR1B, MR2B) 
Status Register B (SRB) 
*“Reserved* 

Rx Holding Register B (RHRB) 
“Reserved 

Input Port 

Start Counter Command 

Stop Counter Command 
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FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHRis read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that characteris held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4] will 
be set-upon receipt of the start bit of the new 
(overrunning) character). 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to preventan overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canberead. However, no additional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


Mode Register A (MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 
Aux. Control Register (ACR) 
Interrupt Mask Register (IMR) 
C/T Upper Register (CRUR) 
C/T Lower Register (CTLR) 
Mode Register B (MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 
“Reserved* 

Output Port Conf. Register (OPCR) 
Set Output Port Bits Command 
Reset Output Port Bits Command 
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Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MR1A[4:3] or 
MR1B[4:3] to‘11' for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A[2]/MR1B[2]. 
MR1A[2]/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data while 
MR1A[2]/MR1B[2] = 1 transmits a one in the A/ 
D bit position, which identifies the correspond- 
ing data bits as an address. The CPU should 
program the mode register prior to loading the 
corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether itis enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
received A/D bit is a zero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 


PROGRAMMING 
The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
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ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zero on RESET. Care should be ex- 
ercised if the contents of a register are changed 
during operation, since certain changes may 
cause operational problems. 


For example, changing the number of bits per 
character while the transmitter is active may 
cause the transmission of an incorrect charac- 
ter. In general, the contents of the MR, the 
CSR, and the OPCR should only be changed 
while the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
pointer is set to MR1x by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the 
mode register while the pointer is at MR1x, 
switches the pointer to MR2x. The pointer then 
remains at MRex, so that subsequent accesses 
are always to MR2x unless the pointer is reset 
to MR1x as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H'02' and 
H‘OA' should never be read during normal op- 
eration since they are reserved for internal 
diagnostics. 


MR1A — Channel A Mode 


Register 1 

MRI1A is accessed when the Channel A MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MR1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output(OPO) by the receiver. This outputis nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[0]. MR1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
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Start bit if the Channel A FIFO is full. However, 
OPR[0]is notresetand RTSANwill be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver . 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFUIL) to be used for CPU inter- 
rupts. It also causes the selected bit to be out- 
put on OP4 if it is programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit select the operating mode of the three 
FlFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis; 
the status applies only to the character at the 
top of the FIFO. In the ‘block” mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 


MR1A[4:3| — Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] + 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] —- Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0] —- Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 
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Table 2. Register Bit Formats 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


RxRTS RxINT ERROR PARITY BITS PER 
CONTROL SELECT MODE PARITY MODE TYPE CHARACTER 


0 = RxRDY 0 = Char 00 = With Parity 
1 =FFULL 1 = Block 01 = Force Parity 
10 = No Parity 
11 = Multidrop Mode 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


TxRTS CTS ¥ 
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH 


00 = Normal 4=0813 8=1.563 C=1.813 
01 = Auto-Echo 5=0.875 9=1625 D=1.875 
10 = Local loop 6=0938 A=1.688 E=1.938 
11 = Remote loop 7=1.000 B=1.750 F=2.000 


NOTE: 
*Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BITO 
Tas MISCELLANEOUS COMMANDS DISABLE Tx | ENABLE Tx | DISABLERx | ENABLE Rx 


CRA Not used — See Text 0=No 0=No 0=No 0 =No 
must be 0 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


RECEIVED FRAMING PARITY OVERRUN 


SRA 0=No 0=No 0=No 0 =No 0 =No 0=No 0=No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


NOTE: 

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status” command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
ee ee ee a 


0 = OPR{[7] 0 = OPR{6) 0 = OPR{[5] 0 = OPR[4] 00 = OPR[3} 11 = OPR[2} 
1=TxRDYB | 1=TxRDYA | 1=RxRDY/ | 1 =RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16x) 
FFULLB FFULLA 10 = TxCB(1x) 10 = TxCA(1x) 
11 = RxCB(1x) 11 = RxCA(1x) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT3 BIT 2 BIT 0 


BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP 3 INT IP 2 INT IP 1 INT IP OINT 


0 = set 1 0 = Off 
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Table 2. Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


- DELTA DELTA DELTA DELTA 
IP 3 IP 2 IP 1 IPO 


IPCR 0=No 0=No 0=No 0=No 0 = Low 0 = Low 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


INPUT DELTA RxRDY/ TxRDYB | COUNTER DELTA 
BREAKB | FFULLB x READY BREAK A 


0 =No 0=No 0=No 0=No 0=No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


BIT 0 


TxRDYA 


0 =No 
1 = Yes 


RxRDY/ 
FFULLA 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


COUNTER 
READY 


IN. PORT 


RxRDY/ 
FFULLB 


RxRDY/ 
FFULLA 
INT 


TxRDYB 
INT INT INT 


CHANGE 
INT 
0 = Off 
1=On 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 
C/T[15] C/T[14] C/T[13] C/T[12] C/T[11] C/T[10] 
cur [| | 


—_ 
oT om emey_[_ ent 


BIT 0 
C/T[8] 


BITO 
C/T[O} 


MR2A — Channel A Mode 4. The Channel A TXRDY and TxEMT status 5. The transmitter must be enabled, but the 
Register 2 bits are inactive. receiver need not be enabled. 
MR2A is accessed when the Channel AMR __ 5. The received parity is checked, but is not 6. CPU to transmitter and receiver communi- 
pointer points to MR2, which occurs after any regenerated for transmission, i.e. trans- cations continue normally. 
access to MR1A. Accesses to MR2A do not mitted parity bit is as received. 
change the pointer. 6. Character framing is checked, but the pie oe le alagnoste. ince ies culeheg 
stop bits are retransmitted as received ep ce ae eeee Oy eee at 
MR2A(7:6] - Channel A Mode a apna In this mode: 
Select 7. Areceived break is echoed as received 1. Received data is reclocked and retrans- 
Each channel of the DUART can operate in one until the next valid start bit is detected. mitted on the TxDA output. 
of four modes. MR2A[7:6] = 00 is the normal 8. CPU to receiver communication continues 2. The receive clock is used for the transmit- 
mode, with the transmitter and receiver operat- normally, but the CPU to transmitter link is ter. 
ing independently. MR2A[7:6] = 01 places the disabled. : : 
channel in the automatic echo mode, which au- $. Mecelved cata Is not font to ine ‘as 
tomatically retransmits the received data. The Two diagnostic modes can also be configured. CPU, and the error status conditions are 
following conditions are true while in automatic | MR2A[7:6] = 10 selects local loopback mode. inactive. 
echo mode: In this mode: 4. The received parity is not checked and is 
1. Received data is reclocked and retrans- 1. The transmitter output is internally con- not regenerated for transmission, i.e., 
mitted on the TxDA output. nected to the receiver input. transmitted parity is as received. 
2. The receive clock is used for the transmit- 2. The transmit clock is used for the receiv- 5. The receiver rnust be enabled. 
ter. Shs 6. Character frarning is not checked and the 
3. The receiver must be enabled, but the 3. The TxDA output is held High. stop bits are retransmitted as received. 
Mem Mer NGeS nGt Oe enented: 4. The RxDA input is ignored. 7. Areceived break is echoed as received 


until the next valid start bit is detected. 


September 1, 1988 178 


Signetics Military Microprocessor Products 


Product Specification 


Dual Asynchronous Receiver/Transmitter (DUART) 


2681 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the deselection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been retransmitted. 


MR2A[5] — Channel A Transmitter Re- 
quest-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[0] and ne- 
gated by resetting OPR[O]. MR2A[5] = 1 
caused OPR[O] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register and in the THR, if any, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
is notenabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


Enable transmitter. 
Asset RTSAN: OPR[O] = 1. 


Send message. 


Oo » & NW 


Verify the message is sent by waiting until 
the transmit ready status (TxRDY) is as- 
serted. Disable transmitter after the last 
character is loaded into the Channel A 
THR. 


The last character will be transmitted and 
OPR(O] will be reset one bit time after the 
last stop bit, causing RTSAN to be ne- 
gated. 


o> 


MR2A[4] - Channel A Clear-to-Send Con- 
trol 

If this bitisO, CTSAN has no effect on the trans- 
mitter. If this bit is a 1, the transmitter checks 
the state of CTSAN (IPO) each time itis ready 
to send acharacter. If IPO is asserted (Low), 
the character is transmitted. If it is negated 
(High), the TxDA output remains in the marking 
state and the transmission is delayed until 
CTSAN goes Low. Changes in CTSAN while 
a character is being transmitted do not affect 
the transmission of that character.. 


MR2A[3:0] - Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of .563 TO 1 AND .563 to 2 bits. In in- 
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crements of 0.625 bit, can be programmed for 
character lengths of 6, 7, and8 bits. For achar- 
acter lengths of 5 bits, 1.0625 to 2 stop bits can 
be programmed in increments of .0625 bit. 


The receiver only checks for a ‘mark’ condition 
at the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
is enabled) in all cases. 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2AI[3] = 1 selects two stop bits to be trans- 
mitted. 


MR1B — Channel B Mode 
Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MR 1B, the pointer will point to MR2B. 


MR2B — Channel B Mode 

Register 2 

MR2B is accessed when the Channel B MR 
pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B do not 
change the pointer. 


The bit definitions for mode registers 1 and 2 
are identical to the bit definitions for MRA and 
MR2A except that all control actions apply to 
the Channel B receiver and transmitter and the 
corresponding inputs and outputs. 


CSRA — Channel A Clock Select 
Register 


CSRA[7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A receiver as follows: 


Baud Rate 

CSRA[7:4] ACR[7]=0 ACR[7]=1 
0000 50 75 
0001 110 110 
0010 134.5 134.5 
0011 200 150 
0100 300 300 
0101 600 600 
0110 1,200 1,200 
0111 1,050 2,000 
1000 2,400 2,400 
1001 4,800 4,800 

Baud Rate 

CSRA[7:4] ACR[7]=0 ACR[7] =1 
1010 7,200 1,800 
1011 9,600 9,600 
1100 38.4k 19.2k 
1101 Timer Timer 
1110 IP4—16X IP-4—16X 
1111 IP4—1X IP4—1X 
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The receiver clock is always a 16X clock except 
for CSRA|[7] = 1111. 


CSRA[3:0] — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 
per CSR[7:4] except as follows: 


Baud Rate 

CSRA[3:0] ACR[7]=0 ACR[7] =1 

1110 IP3—16X IP3—16X 
0111 IP3—1X IP3—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSR[3:0] = 1111. 


CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
per CSRA|[7:4] except as follows: 


Baud Rate 

CSRB[7:4] ACR[7]=0 ACR[7] =1 

41110 IP6—16X IP6—16X 
0111 IP6—1X IP6—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[7:4] = 1111. 


CSRB[3:0] —- Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
per CSRA|7:4] except as follows: 


Baud Rate 

CSRB[3:4] ACR[7]=0 ACR[7] =1 

1110 IP5—16X IP5—16X 
0111 IP5—1X IP5—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register 


CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


CRAJ[6:4] — Channel A Miscellaneous 
Command 

The encoded value of this field may be used to 
specify a single command as follows: 


CRAJ[6:4] COMMAND 

000 Nocommand. 

001 Reset MR pointer. Causes the Channel 
A MR pointer to point to MR1. 
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Reset receiver. Resets the Channel A 
receiver as if a hardware reset had been 
applied. The receiver is disabled and 
the FIFO is flushed. 

Reset transmitter. Resets the Channel 
A transmitter as if a hardware reset had 
been applied. 

Reset error status. Clears the Channel 
A Received Break, Parity Error, and 
Overrun Error bits in the status register 
(SRA[7:4]). Used in character mode to 
clear OE status (although RB, PE and 
FE bits will also be cleared) and in block 
mode to clear all error status after a 
block of data has been received. 

101 Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 
Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

111. Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 


CRA[3] — Disable Channel A 

Transmitter 

This command terminates transmitter opera- 
tion and reset the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] - Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start-bit 
state. 
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CRB — Channel B Command 
Register 


CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bitdefinitions for CRA, except thatall con- 
trol actions apply to the Channel B receiver and 
transmitter and the corresponding inputs and 
outputs. 


SRA — Channel A Status 
Register 


SRA[7] — Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
‘break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 


SRA[6] — Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first bit po- 
sition. 


SRA[5] — Channel A Parity Error 

This bit is set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. 


In the special multidrop mode the parity error bit 
stores the receive A/D bit. 


SRA[4] — Channel A Overrun Error 

This bit, when set indicates that one or more 
characters in the received data stream have 
been lost. Itis set upon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
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break detect, parity error and framing error sta- 
tus, if any) is lost. 


This bit is cleared by a ‘reset error status’ com- 
mand. 


SRA[3] — Channel A Transmitter Empty 
(TxEMTA) 

This bitwill be set when the Channel Atransmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empty. Itis set after transmission of the last 
stop bit of a character if no character is in the 
THR awaiting transmission. Itis resetwhen the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU and is set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
reset when the transmitter is disabled andis set 
when the transmitter is first enabled, viz., char- 
acters loaded into the THR while the transmitter 
is disabled will not be transmitted. 


SRA[1] — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 


SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. 


SRB — Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel B receiver and trans- 
mitter and the corresponding inputs and 
outputs. 


OPCR - Output Port 
Configuration Register 


OPCR[7] — OP7 Output Select 
This bit programs the OP7 output to provide 
one of the following: 
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— The complement of OPR[7]. 

— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an Open- 
Collector output. Note that this output is 
not masked by the contents of the IMR. 


OPCR[6] — OP6 Output Select 

This bit programs the OP6 output to provide 
one of the following: 

— The complement of OPR{6]. 


— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an Open- 
Collector output. Note that this output is 
not masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OP5 output to provide 
one of the following: 

— The complement of OPR[5]. 


— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OP5 acts as an Open-Collec- 
tor output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[4] — OP4 Output Select 

This field programs the OP4 output to provide 

one of the following: 

— The complement of OPR[4]. 

— The Channel B transmitter interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an Open-Collec- 
tor output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[3:2] — OP3 Output Select 

This bit programs the OP3 output to provide 
one of the following: 

— The complement of OPR{[3]. 


— The counter/timer output, in which case 
OP3 acts as an Open-Collector output. In 
the timer mode, this output is a square 
wave at the programmed frequency. In the 
counter mode, the output remains High un- 
til terminal count is reached, at which time 
it goes Low. The output returns to the High 
state when the counter is stopped by a 
stop counter command. Note that this out- 
put is not-masked by the contents of the 
IMR. 

— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR[1:0] - OP2 Output Select 
This field programs the OP2 output to provide 
one of the following: 
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— The complement of OPR[2]. 

— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRAJ[3:0], and will be a 1X clock if 
CSRAJ[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 


— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


ACR - Auxiliary Control 
Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates to 
be generated by the BRG: 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


The selected set of rates is available for use by 
the ChannelA and Breceivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 3. 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

this field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 4. 


ACR[3:0] —1IP3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
set. If a bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. Ifa bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] — 1IP3, IP2, 1P1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCR is read by the CPU. 
Aread of the IPCR alsoclears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 
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IPCR[3:0] — IP3, IP2, IP1, IPO 

Current State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a ‘1’ and the corre- 
sponding bit in the IMR is also a ‘1’, the INTRN 
output will be asserted. If the corresponding bit 
in the IMR is a zero, the state of the bit in the 
ISR has no effect on the INTRN output. Note 
that the IMR does not mask the reading of the 
ISR —the true status willbe provided regardless 
of the contents of the IMR. The contents of this 


register are initialized to 00;, when the DUART 
is reset. 


ISR[7] — Input Port Change Status 

This bit is a ‘1' when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] —- Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt’ command. 


ISR[5] — Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B{[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
Ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] — Channel B Transmitter Ready 
This bit is a duplicate of TxRDYB (SRB[2)). 
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ISR[3] — Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bit is setonce each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zerocount). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


ISR[2] -— Channel A Change in Break 

This bit, when set, indicates that the ChannelA 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR[1] - Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MR1A|6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel A andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU read the RHR. 
IF after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis set when acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full;i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[0] and IMR waiting charac- 
ter is loaded into the FIFO. 


ISR[0] — Channel A Transmitter Ready 
This bit is a duplicate of TxRDYA (SRA[2)). 


Table 3. 


NOTE: Duty cycle of 16x clock is 50% + 1%. 
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IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a ‘1’ and the corresponding bit 
in the IMR is also a‘1’ the INTRN output will be 
asserted. If the corresponding bitin the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does not mask the programmable interrupt out- 
puts OP3—OP7 or the reading of the ISR. 


CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is 0002;.. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
CT generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. 


If the value in CTUR and CTLRis changed, the 
current half-period will not be affected, but sub- 
sequent half periods will be. In this mode the 
C/T runs continuously. Receipt of a start count- 
er command (read with A3-AO = 1110) causes 
the counter to terminate the currenttiming cycle 
and to begin a new cycle using the values in 
CTUR and CTLR. 


The counter ready status bit (ISR[3]) is setonce 
each cycle of the square wave. The bitis reset 
by a stop counter command (read with A3-A0 
= 1111). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 
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On power up and after reset, the timer/counter 
runs in timer mode and can only be restarted. 
Because it cannot be shut off or stopped, and 
runs continuously in timer mode, it is recom- 
mended that at initialization, the output port 
(OP3) should be masked off through the 
OPCR{3:2] = 00 until the T/C is programmed to 
the desired operational state. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a counter command. Upon reaching terminal 
count (0000,¢), the counter ready interrupt bit 
(ISR[3]}) is set. The counter continues counting 
past the terminal count until stopped by the 
CPU. If OP3 is programmed to be the output 
of the C/T, the output remains High until termi- 
nal count is reached, at which time it goes Low. 
The output returns to the High state and ISR[3] 
is cleared when the counter is stopped by a stop 
counter command. The CPU may change the 
values of CTUR and CTLR at any time, but the 
new count becomes effective only on the next 
start counter command. If new values have not 
been loaded, the previous countvalues are pre- 
served and used for the next count cycle. 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. 


Itis recommended that the counter be stopped 
when reading to prevent potential problems 
which may occur if a carry from the lower 8 bits 
to the upper 8 bits occurs between the times 
that both halves of the counter are read. How- 
ever, note that a subsequent start counter com- 
mand will cause the counter to begin a new 
count cycle using the values in CTUR and 
CTLR. 


Bit Rate Generator Characteristics Crystal or Clock = 3.6864MHz 


NORMAL RATE (BAUD) ACTUAL 16x CLOCK (kHz) 
50 0.8 


ERROR (%) 


ow 
NI 
on 


0 
0 
0. 
0 
0 
0 
0 
0 
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Table 4. ACR 6:4 Field Definition 


Counter External (IP2) 
Counter TxCA — 1x clock of Channel A transmitter 
Counter TxCB — 1x clock of Channel B transmitter 


Counter Crystal or external clock (x1/CLK) divided by 16 
Timer External (IP2) 

Timer External (IP2) divided by 16 

Timer Crystal or external clock (x1/CLK) 

Timer Crystal or external clock (x1/CLK) divided by 16 


TIMING DIAGRAMS 


WF00430S 


Figure 1. Reset Timing 


D0-D7 
(READ) 


D0-07 
(WRITE) 


WF00440S 


Figure 2. Bus Timing 
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NOTES: 


IPO-IP6 


OP0-OP7 OLD DATA 


Vu = 1.5V 


Figure 3. Port Timing 


INTERRUPT! 
OUTPUT 


1. INTRN or OP3-OP7 when used as interrupt outputs. 


2. The test for open-drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching signal, Vy, 


to a point 0.5V above Vo,. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment are 
pronounced and can greatly affect the resultant measurement. 


X1/CLK 
CTCLK 
RxC 
TxC 
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Figure 4. Interrupt Timing 


DRIVING FROM 
EXTERNAL SOURCE 


+5V 


X2 


WF00470S 
TCO05824S 


Figure 5. Clock Timing 
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NEW DATA 


WF00452S 


Vo, +0.5V 


WF04730S 


. + 5V 
R1: 100K - 1Meg (See clesign note) 


C1 = C2: 0-5pF + (STRAY < 5pF) 


CLOCK 
TO OTHER 
CHIPS 


3.6964MHz 


CRYSTAL SERIES RESISTANCE SHOULD 
BE LESS THAN 180 OHMS 


TC23690S 


———— 
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1 BIT TIME 


. ~ (1 OR 16 CLOCKS) — 


TxC 
(INPUT) 


— ittcs |<< 


TxC 
(IX OUTPUT) 


WF00480S 


Figure 6. Transmit 


RxC 
(IX INPUT) 


~<e— tpxs —e| te —_ EAH 


WFO00490S 


Figure 7. Receive 


10 = sy, BREAK py | 
| 
TRANSMITTER | 
ENABLED ff 
(SR2) N i N ; . 
i / i | 0, l i / 


L} 
03 START 04 STOP O5 WILL D6 
BREAK BREAK NOT BE 
TRANSMITTED 


OPR(0) = 1 OPR(0) = 1 


WF00501S 
NOTES: 


1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 8. Transmitter Timing 
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Pes TACs TLL] LL J 


D6, 07, 08 WILL BE LOST 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


FFUL 
(SR1) 


RxRDY/ 


FFULL 
(OP5)2 
RON / 


STATUS DATA DS WILL \STATUS DATA STATUS DATA STATUS DATA 
sO Oe 


D1 | BELOST 
hea 9 Titer BY COMMAND 


RTs! 
(OPO) 
OPR(O) = 1 
WF00521S 


NOTES: 
1. Timing shown for MR1(7) = 1. 
2. Shown for OPCR(4) = 1 and MR(6) = 


Figure 9. Receiver Timing 


MASTER STATION BIT 9 BIT 9 BIT 9 
—————————— —_— 
‘ oe La —] foot LL 
oon} Lf coffe Abbe) ——- 
| | 


TRANSMITTER 
ENABLED 


TxRDY 
(SR2) 


——— 


MR1(4 - 3)=11 ADD#1 MR1(2)=0 DO MR1(2)=1 AODD#2 
MR1(2) = 1 


PERIPHERAL STATION 


BITS BIT9 BITS 
rn ee tnt nen ean nt 
AOD#A2; | 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


RON/WRN 
T 
MR1(4 - 3) = 11 STATUS DATA STATUS DATA 
dO ADD#2 


WFO00520S 


Figure 10. Wake-Up Mode 


September 1, 1988 186 


signeftics 


Military Communications and 
Industrial Products 


DESCRIPTION 

The Signetics 2691 Universal Asynchro- 
nous Receiver/Transmitter (UART) is a 
single-chip CMOS-LSI communications 
device that provides a full-duplex asynch- 
ronous receiver/transmitter in a single 
24-pin Skinny DIP. It is fabricated with Sig- 
netics CMOS technology which combines 
the benefits of high density and low power 
consumption. 


The operating speed of the receiver and 
transmitter can be selected independently 
as one of 18 fixed baud rates, a 16X clock 
derived from a programmable counter/ 
timer, or an external 1X or 16X clock. The 
baud rate generator and counter/Aimer 
can operate directly from a crystal or from 
external clock inputs. The ability to inde- 
pendently program the operating speed of 
the receiver and transmitter make the 
UART particularly attractive for dual- 
speed channel applications such as clus- 
tered terminal systems. 


The receiver is quadruple buffered to mini- 
mize the potential of receiver overrun or to 
reduce interrupt overhead in interrupt driv- 
en systems. In addition, a handshaking 
capability is provided to disable a remote 
UART transmitter when the receiver buff- 
er is full. 


The UART provides a power-down mode 
in which the oscillator is frozen but the reg- 
ister contents are stored. This results in 
reduced power consumption on the order 
of several magnitudes. 


The UART is fully TTL compatible and op- 
erates from a single +5V power supply. 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
24—-Pin Ceramic DIP 
28—Pin LLCC 2691/B3A 
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Universal Asynchronous 
Receiver/Transmitter (UART) 


Objective Specification 


FEATURES 
@ Full-duplex asynchronous receiver/ 
transmitter 


® Quadruple buffered receiver data 
register 
@ Programmable data format: 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force 
parity 
— 1, 1.5 or 2 stop bits program- 
mable in 1/16-bit increments 
® Baud rate for the receiver and 
transmitter selectable from: 
— 18 fixed rates: 50 to 38.4K baud 


— One user-defined rate derived 
from programmable timer/ 
counter 


— External 1X or 16X clock 


® Parity, framing, and overrun 
detection 


@ False start bit detection 


@ Line break detection and 
generation 


@ Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote Loopback 


® Multi-function programmable 16-bit 
counter/timer 


@ Single interrupt output with seven 
maskable interrupting conditions 


@ On-chip crystal oscillator 
@ Low power mode 

@ TTL compatible 

@ Single +5V power supply 
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PIN CONFIGURATIONS 


Pin 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 


NAME AND FUNCTION 


Data Bus: Active-high 8-bit bidirectional 3-state data bus. Bit 0 is the LSB and bit 7 is the MSB. 
All data, command, and status transfers between the CPU and the UART take place over this 
bus. The direction of the transfer is controlled by the WRN and RDN inputs when the CEN input 
is low. When the CEN input is high, the data bus is in the 3-state condition. 


Chip Enable: Active-low input. When low, data transfers between the CPU and the UART are 
enabled on DO—D7 as controlled by the WRN, RDN and AO-A2 inputs. When CEN is high, the 
UART is effectively isolated from the data bus and DO-D7 are placed in the 3-state condition. 


Write Strobe: Active-low input. A low on this pin while CEN is low causes the contents of the 
data bus to be transferred to the register selected by AO—A2. The transfer occurs on the trailing 
(rising) edge of the signal. 


Read Strobe: Active-low input. A low on this pin while CEN is low causes the contents of the 
register selected by AO—A2 to be placed on the data bus. The read cycle begins on the leading 
(falling) edge of RDN. 


Address Inputs: Active-high address inputs to select the UART registers for read/write opera- 
tions. 


Reset: Master reset. Ahigh on this pinclears the status register (SR), the interrupt mask register 
(IMR), and the interrupt status register (ISR), sets the mode register pointer to MR1, and places 
the receiver and transmitter in the inactive state causing the TxD output to go to the marking 
(high) state. 


Interrupt Request: This active-low outputis asserted upon occurrence of one or more of seven 
maskable interrupting conditions. The CPU can read the interrupt status register to determine 
the interrupting condition(s). This open-drain output requires a pull-up resistor. 


X1/CLK Crystal 1: Crystal or external clock input. When using the crystal oscillator, this pin serves as 
the connection for one side of the crystal. If a crystal is not used, an external clock is supplied 
at this input. An external clock (or crystal) is required even if the internal baud rate generator is 
not utilized. This clock is used to drive the internal baud rate generator, as an optional input to 


the timer/counter, and to provide other clocking signals required by the chip. 


Crystal 2: Connection for other side of crystal. If an external source is used instead of a crystal, 
this connection should be open. (See Figure 5) 


Receiver Serial Data Input: The least significant bit is received first. If external receiver clock 
is specified, this input is sampled on the rising edge of the clock. 


Transmitter Serial Data Output: The least significant bit is transmitted first. This outputis held 
in the marking (high) condition when the transmitter is idle or disabled and when the UART is 
operating in local loopback mode. If external transmitter is specified, the data is shifted on the 
falling edge of the transmitter clock. 


Multi-Purpose Output: One of the following functions can be selected for this output pin by pro- 
gramming the auxiliary control register: 

RTSN — Request to send active-low output. This output is asserted and negated via the com- 
mand register. By appropriate programming of the mode registers, RTSN can be programmed 
to be automatically reset after the character in the transmitter is completely shifted or when the 
receiver FIFO and shift register are full. 

C/TO — The counter/timer output. 

TxC1X — The 1X clock for the transmitter. 

TxC16X — The 16X clock for the transmitter. 

RxC1X — The 1X clock for the receiver. 

RxC16X — The 16X clock for the receiver. 

TxRDY — The transmitter holding register empty signal. Active-low output. 

RxRDY/FFULL — The receiver FIFO not empty/full signal. Active-low output. 


Multi-Purpose Input: This pin can serve as an input for one of the following functions: 
GPI— General purpose input. The current state of the pin can be determined by reading the ISR. 
CTSN -— Clear-to-send active-low input. 

CTCLK — Counter/timer external clock input. 

RTCLK — Receiver and/or transmitter external clock input. This may be a 1X or 16X clock as 
programmed by CSR[3:0] or CSR[7:4]. 


Power Supply: +5V supply input. 


Ground 


September 25, 1989 189 


Signetics Military Communications and Industrial Products 


Universal Asynchronous Receiver/Transmitter (UART) 


BLOCK DIAGRAM 

As shown in the block diagram, the UART con- 
sists of: data bus buffer, interrupt control, oper- 
ation control, timing, receiver and transmitter. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data busses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and UART. 


Interrupt Control 

A single interrupt output (INTRN) is provided 
which may be asserted upon occurrence of any 
of the following internal events: 

— Transmit holding register ready 


— Transmit shift register empty 

— Receive holding register ready or FIFO full 
— Change in break received status 

— Counter reached terminal count 

— Change in MPI input 

— Assertion of MPI input 


Associated with the interrupt system are the in- 
terrupt mask register (IMR) and the interrupt 
Status register (ISR). The IMR can be pro- 
grammed to select only certain of the above 
conditions to cause INTRN to be asserted. The 
ISR can be read by the CPU to determine all 
currently active interrupting conditions. Howev- 
er, the bits of the ISR are not masked by the 
IMR. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. The functions performed by the CPU 
read and write operations are shown in Table 1. 


Mode registers 1 and 2 are accessed via an 
auxiliary pointer. The pointer is set to MR1 by 
RESET or by issuing a reset pointer command 
via the command register. Any read or write of 
the mode register while the pointer is at MR1 
switches the pointer to MR2. the pointer then 
remains at MR2 so that subsequent accesses 
are to MR2, unless the pointer is reset to MR1 
as described above. 
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Table 1. Register Addressing 


READ WRITE 
A2 Al AQ] (RpN=0) | (WRN =0) 


0. 6~O 

0 1 

1 0 | Reserved* 
1 1 = |RHR 

0 O | Reserved* 
0 1 {ISR 

1 O |CTU 

1 #1 


CTL 


NOTE; 
“Reserved registers should never be read 
during operation since they are reserved for 
internal diagnostics. 

ACR = Auxiliary control register 

CR = Command register 

CSR = Clock select register 

CTL = Counter/timer lower 

CTLR = Counter/timer lower register 

CTU = Counter/timer upper 

CTUR = Counter/timer upper register 

MR = Mode register A 
SR = Status register 
THR = Tx holding register 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and two clock selectors. 


The crystal oscillator operates directly from a 
3.6864MHz crystal connected across the X1/ 
CLK and X2 inputs with a minimum of external 
components. If an external clock of the appro- 
priate frequency is available, it may be con- 
nected to X1/CLK. If an external clock is used 
instead of a crystal, X1/CLK is driven using a 
configuration similar to the one in Figure 5. In 
this case, the input high-voltage must be capa- 
ble of attaining the voltage specified in the DC 
Electrical Characteristics. The clock serves as 
the basic timing reference for the baud rate 
generator (BRG), the counter/timer, and other 
internal circuits. A clock frequency, within the 
limits specified in the electrical specifications, 
mustbe supplied if the internal BRG is not used. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. Thirteen of these are available simulta- 
neously for use by the receiver and transmitter. 
Eight are fixed, and one of two sets of five can 
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be selected by programming ACR[7]. The clock 
outputs from the BRG are at 16X the actual 
baud rate. The counter/timer can be used as a 
timer to produce a 16X clock for any other baud 
rate by counting down the crystal clock or an ex- 
ternal clock. The clock selectors allow the inde- 
pendent selection by the receiver and 
transmitter of any of these baud rates or an ex- 
ternal timing sigrial. 


The C/T operation is programmed by ACR[6:4]. 
One of eight timing sources can be used as the 
input to the C/T. The output of the C/T is avail- 
able to the clock selectors and can be pro- 
grammed by ACR [2:0} to be output on the MPO 
pin. 


In the timer mode, the C/T generates a square 
wave whose period is twice the number of clock 
periods loaded into the C/T upper and lower 
registers. The counter ready bitin the ISRis set 
once each cycle of the square wave. If the value 
in CTUR or CTLR is changed, the current half- 
period will not be affected, but subsequent half- 
periods will be affected. In this mode the C/T 
runs continuously and does not recognize the 
stop counter command (the command only re- 
sets the counter ready bit in the ISR). Receipt 
of a start C/T command causes the counter to 
terminate the current timing cycle and to begin 
a new cycle using the values in CTUR and 
CTLR. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR andCTLR. 
Counting begins upon receipt of a start C/T 
command. Upon reaching terminal count, the 
counter ready bit in the ISR is set. The counter 
continues counting past the terminal count until 
stopped by the CPU. If MPO is programmed to 
be the outputof the C/T, the output remains high 
until terminal count is reached, at which time it 
goes low. The output returns to the high state 
and the counter ready bit is cleared when the 
counter is stopped by a stop counter command. 
the CPU may change the values of CTUR and 
CTLR at any time, but the new count becomes 
effective only on the next start counter com- 
mand following a stop counter command. If 
new values have not been loaded, the previous 
count values are preserved and used for the 
next count cycle. 


In the counter mode, the current value of the up- 
per and lower eight bits of the counter may be 
read by the CPU. It is recommended that the 
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counter be stopped when reading to prevent 
potential problems which may occur if a carry 
from the lower eight bits to the upper eight bits 
occurs between the times that both halves of 
the counter are read. However, a subsequent 
start counter command causes the counter to 
begin a new count cycle using the values in 
CTUR and CTLR. 


Receiver and Transmitter 

The UART is a full-duplex asynchronous re- 
ceiver/transmitter. The operating frequency for 
the receiver and transmitter can be selected in- 
dependently from the baud rate generator, the 
counter/timer, or from an external input. Regis- 
ters associated with the communications chan- 
nelare: the mode registers (MR1 and MR¢2), the 
clock select register (CSR), the command reg- 
ister (CR), the status register (SR), the transmit 
holding register (THR), and the receive holding 
register (RHR). 


Transmitter 

The transmitter accepts parallel data from the 
CPU and converts it to a serial bit stream on the 
TxD output pin. It automatically sends a start bit 
followed by the programmed number of data 
bits, an optional parity bit, and the programmed 
number of stop bits. The least significant bit is 
sentfirst. Following the transmission of the stop 
bits, if a new character is not available in the 
THR, the TxD output remains high and the 
TxEMT bit in the SR will be set to 1. Transmis- 
sion resumes and the TxEMT bit is cleared 
when the CPU loads a new character in the 
THR. In the 16X clock mode, this also resyn- 
chronizes the internal 1X transmitter clock so 
that transmission of the new character begins 
with minimum delay. 


The transmitter can be forced to send a break 
(continuous low condition) by issuing a start 
break command via the CR. The break is termi- 
nated by a stop break command. 


If the transmitter is disabled, it continues oper- 
ating until the character currently being trans- 
mitted and the character in the THR, if any, are 
completely sent out. Characters cannot be 
loaded in the THR while the transmitter is dis- 
abled. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel format, 
checks for start bit, stop bit, parity bit (if any), or 
break condition, and presents the assembled 
character to the CPU. The receiver looks for a 
high-to-low (mark-to-space) transition of the 
start biton the RxD input pin. Ifa transition is de- 
tected, the state of the RxD pin is sampled 
again each 16X clock for 7-1/2 clocks (16X 
clock mode) or at the next rising edge of the bit 
time clock (1X clock mode). If RxD is sampled 
high, the start bit is invalid and the search for a 
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valid start bit begins again. If RxD is still low, a 
valid start bit is assumed and the receiver con- 
tinues to sample the input at one bit time inter- 
vals at the theoretical center of the bit, until the 
proper number of data bits and the parity bit (if 
any) have been assembled, and one stop bit 
has been detected. The datais then transferred 
to the RHR and the RxRDY bit in the SR is set 
to a 1. If the character length is less than eight 
bits, the most significant unused bits in the RHR 
are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. However, 
if a non-zero character was received without a 
stop bit (i.e. framing error) and RxD remains low 
for one-half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point(one-half bit time after the stop bitwas 
sampled). The parity error, framing error and 
overrun error (if any) are strobed into the SR at 
the received character boundary, before the 
RxRDY status bit is set. 


If a break condition is detected (RxD is low for 
the entire character including the stop bit), only 
one character consisting of all zeros will be 
loaded in the FIFO and the received break bit 
in the SR is set to 1. The RxD input must return 
to a high condition for two successive clock 
edges of the 1X clock (internal or external) be- 
fore a search for the next start bit begins. 


RECEIVER FIFO 

The RHR consists of a first-in-first-out (FIFO) 
queue with a capacity of three characters. Data 
is loaded from the receive shift register into the 
top-most empty position of the FIFO. The 
RxRDY bit in the status register (SR) is set 
whenever one or more characters are available 
to be read, and a FFULL status bit is set if all 
three queue positions are filled with data. Either 
of these bits can be selected to cause an inter- 
rupt. A read of the RHR outputs the data at the 
top of the FIFO. After the read cycle, the data 
FIFO andits associated status bits are ‘popped’ 
thus emptying a FIFO position for new data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are appended to each data character in the 
FIFO. Status can be provided in two ways, as 
programmed by the error mode control bit in 
mode register 1. In the character mode, status 
is provided on a character-by-character basis: 
the status applies only to the character at the 
top of the FIFO. In the block mode, the status 
providedin the SR for these three bits is the log- 
ical-OR of the status for all characters coming 
to the top of the FIFO since the last reset error 
command was issued. In either mode, reading 
the SR does not affect the FIFO. The FIFO is 
‘popped’ only when the RHRis read. Therefore, 
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the SR should be read prior to reading the cor- 
responding data character. 


If the FIFO is full when a new character is re- 
ceived, that character is held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exists, the contents of the FIFO are not af- 
fected: the character previously in the shift reg- 
ister is lost and the overrun error status bit 
(SR[4]) will be set upon receipt of the start bit 
of the new (overrunning) character. 


WAKE-UP MODE 

In addition to the normal transmitter and receiv- 
er operation described above, the UART incor- 
porates a special mode which provides 
automatic wake-up of the receiver through ad- 
dress frame recognition for multi-processor 
communications. This mode is selected by pro- 
gramming bits MR1[4:3] to ’11’. 


In this mode of operation, a ‘master’ station 
transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, whose receivers are 
normally disabled, examine the received data 
stream and ‘wake-up’ the CPU [by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, an ad- 
dress/data (A/D) bit, and the programmed num- 
ber of stop bits. The polarity of the transmitted 
A/D bit is selected by the CPU by programming 
bit MR1[2]. MR1[2] = 0 transmits a zero in the 
A/D bit position which identifies the corre- 
sponding data bits as data, while MR1[2] = 1 
transmits a one in the A/D bit position which 
identifies the corresponding data bits as an ad- 
dress. The CPU should program the mode reg- 
ister prior to loading the corresponding data bits 
in the THR. 


While in this mode, the receiver continuously 
looks at the received data stream, whether it is 
enabled or disabled. If disabled, it sets the 
RxRDY status bit and loads the character in the 
RHR FIFO if the received A/D bit is a one, but 
discards the received character if the received 
A/D bit is azero. If enabled, all received charac- 
ters are then transferred to the CPU via the 
RHR. In either case, the data bits are loaded in 
the data FIFO while the A/D bit is loaded in the 
status FIFO position normally used for parity er- 
ror (SR[5]). Framing error, overrun error, and 
break detect operate normally whether or not 
the receiver is enabled. 
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MULTI-PURPOSE INPUT PIN 

The MPI pin can be programmed as an input to 
one of several UART circuits. The function of 
the pin is selected by programming the appro- 
priate control register (MR2[4]), ACR[6:4], CSR 
[7:4, 3:0]}. Only one of the functions may be se- 
lected at any given time. If CTS or GPI is se- 
lected, a change of state detector provided with 
the pinis activated. A high-to-low or low-to-high 
transition of the inputs lasting longer than 
25—50us sets the MPI change-of-state bit in the 
interrupt status register. The bit is cleared viaa 
command. The change-of-state can be pro- 
grammed to generate an interrupt to the CPU 
by setting the corresponding bit in the interrupt 
mask register. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baud rate generator taps. This produces asam- 
pling period of slightly more than 25us (assum- 
ing a 3.6864MHz oscillator input). The detec- 
tion circuitry, in order to guarantee that a true 
change in level has occurred, requires two 
successive samples at the new logic level be 
observed. As a consequence, the minimum du- 
ration of the signal change is 25us if the transi- 
tion occurs coincident with the first sample 
pulse. The 50us time refers to the condition 
where the change of state is just missed and the 
first change of state is not detected until after an 
additional 25us. 


MULT-PURPOSE OUTPUT PIN 

This pin can be programmed to serve as a re- 
quest-to-send output, the counter/timer output, 
the output for the 1X or 16X transmitter or re- 
ceiver clocks, the TxRDY output or the RxRDY/ 
FFULL output (see ACR[2:0] - MPO Output 
Select). 


REGISTERS 

The operation of the UART is programmed by 
writing control words in the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
Addressing of the registers is as described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zero on reset (see RESET pin de- 
scription). Care should be exercised if the 
contents of a register are changed during oper- 
ation, since certain changes may cause opera- 
tional problems. For example, changing the 
number of bits per character while the transmit- 
ter is active may cause the transmission of an 
incorrect character. The contents of the MR, the 
CSR, and the ACR should only be changed 
while the receiver and transmitter are disabled, 
and certain changes to the ACR should only be 
made while the C/T is stopped. The bit formats 
of the UART are shown in Table 2. 
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MR1 — Mode Register 1 

MR1 is accessed when the MR pointer points 
to MR1. The pointer is set to MR1 by RESET or 
by a set pointer command applied via the CR. 
After reading or writing MR1, the pointers are 
set at MR2. 


MR1[7] — Receiver Request-to-Send 
Control 

The bit controls the deactivation of the RTSN 
output (MPO) by the receiver. This output is 
normally asserted and negated by commands 
applied via the command register. MR1[7] = 1 
causes RTSN to be automatically negated 
upon receipt of a valid start bit if the receiver 
FIFO is full. RTSN is reasserted when an empty 
FIFO position is available. This feature can be 
used to prevent overrun in the receiver by using 
the RTSN output signal to control the CTS input 
of the transmitting device. 


MR1[6] — Receiver Interrupt Select 

This bit selects either the receiver ready status 
(RxRDY) or the FIFO full status (FFULL) to be 
used for CPU interrupts. 


MR1[5] — Error Mode Select 

This bit selects the operating mode of the three 
FlFOed status bits (FE, PE, received break). In 
the character mode, status is provided on a 
character-by-character basis. The status ap- 
plies only to the character at the top of the FIFO. 
Inthe block mode, the status providedintheSR 
for these bits is the accumulation (logical-OR) 
of the status for all characters coming to the top 
of the FIFO since the last reset error command 
was issued. 


MR1[4:3] — Parity Mode Select 
If with parity or force parity is selected, a parity 
bitis added to the transmitted character andthe 
receiver performs a parity check on incoming 
data. MR![4:3] = 11 selects the channel to oper- 
ate in the special wake-up mode. 


MR1[2] — Parity Type Select 

This bit selects the parity type (odd or even) if 
the with parity mode is programmed by 
MR 1[4:3], and the polarity of the forced parity 
bit if the force parity mode is programmed. It 
has no effect if the no parity mode is pro- 
grammed. In the special wake-up mode, it se- 
lects the polarity of the transmitted A/D bit. 


MR1[1:0] — Bits Per Character Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2 — Mode Register 2 
MR2 is accessed when the channel MR pointer 
points to MR2, which occurs after any access 
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to MR1. Accesses to MR2 do not change the 
pointer. 


MR2[7:6] — Mode Select 

The UART can operate in one of four modes. 

MR2[7:6] = 00 is the normal mode, with the 

transmitter and receiver operating indepen- 

dently. MR2[7:6] =: 01 places the channel in the 
automatic echo mode, which automatically re- 
transmits the received data. The following con- 
ditions are true while in automatic echo mode: 

7. Received data is reclocked and retrans- 
mitted on the TxD output. 

8. Thereceive clock is used for the transmitter. 

9. The receiver must be enabled, but the 
transmitter need not be enabled. 

10. The TxRDY and TxEMT status bits are in- 
active. 

11. The received parity is checked, butis not re- 
generated for transmission, i.e., transmitted 
parity bit is as received. 

12. Character framing is checked, but the stop 
bits are retransmitted as received. 

13. Areceived break is echoed as received until 
the next valid start bit is detected. 

14. CPU-to-receiver communication continues 
normally, but the CPU-to-transmitter link is 
disabled. 


Two diagnostic modes can also be selected. 

MR2[7:6] = 10 selects local loopback mode. In 

this mode: 

1. The transmitter output is internally con- 

nected to the receiver input. 

The transmit clock is used for the receiver. 

The TxD output is held high. 

The RxD input is ignored. 

The transmitter must be enabled, but the re- 

ceiver need not be enabled. 

6. CPU to transmitter and receiver communi- 
cations continue normally. 


oe > 


The second diagnostic mode is the remote 

loopback mode, selected by MR2{[7:6] = 11. In 

this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxD output. 

2. Thereceive clock is used for the transmitter. 

3. Received data is not sent to the local CPU, 
and the error status conditions are inactive. 

4. The received parity is not checked and is 
not regenerated for transmission, i.e., the 
transmitted parity bit is as received. 

5. The receiver rnust be enabled, but the 
transmitter need not be enabled. 

6. Character framing is not checked, and the 
stop bits are retransmitted as received. 

7. Areceived break is echoed as received until 
the next valid start bit is detected. 


When switching in and out of the various 
modes, the selected mode is activated immedi- 
ately upon mode selection, even if this occurs 
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in the middle of a received or transmitted char- 
acter. Likewise, if amode is deselected, the de- 
vice will switch out of the mode immediately. An 
exception to this is switching out of auto-echo 
or remote loopback modes; if the deselection 
occurs just after the receiver has sampled the 
stop bit (indicated in auto-echo by assertion o 
fRxRDY), and the transmitter is enabled, the 
transmitter is enabled, the transmitter will re- 
main in auto-echo mode until one full stop bit 


MR2[5] — Transmitter Request-to—Send 
Control 

This bit controls the deactivation of the RTSN 
output (MPO) by the transmitter. This output is 
normally asserted and negated by appropriate 
commands issued via the command register. 
MR2[5] = 1 causes RTSN to be reset automati- 
cally one bit time after the characters in the 
transmitshift register and in the THR (ifany) are 
completely transmitted (including the pro- 


tomatically terminate the transmission as fol- 

lows: 

1. Program auto-reset mode: MR2[5] = 1. 

2. Enable transmitter. 

3. Assert RTSN via command. 

4. Send message. 

5. Disable transmitter after the last character 
of the message is loaded in the THR. 

6. The last character will be transmitted and 
RTSN will be reset one bit time after the last 


has been retransmitted. grammed number of stop bits) if the transmitter stop bit. 


is not enabled. This feature can be used to au- 


Table 2. Register Bit Formats 


ae ee ee ee 
MR1 (Mode Register 1) 


RxINT Select Parity Mode Parity Type Bits per Character 


0 = RxRDY 0 = Char 00 = With parity 

1 = FFULL 1 = Block 01 = Force parity 
10 = No parity 
11 = Special mode 


MR2 (Mode Register 2) 


TxRTS Con- CTS Enable 
Channel Mode trol Tx 


00 = Normal 

01 = Auto echo 
10 = Local loop 
11 = Remote loop 


4=0.813 
5 = 0.875 
6 = 0.938 
7 = 1.000 


0 = 0.563 
1=0.625 
2 = 0.688 
3 = 0.750 


NOTE: 
“Add 0.5 to values shown for 0—7 if channel is programmed for 5 bits/character. 


> TTT -"I"-----_:[—.'(—"-—— ---r??TOTC0€CtO#8—898030. NN TT 


CSR (Clock Select Register) 
Receiver Clock Select Transmitter Clock Select 


CR (Command Register) 
Miscellaneous Commands Disable Tx Enable Tx Disable Rx Enable Rx 


1 = Yes 1 = Yes 1 = Yes 1 = Yes 
SR (Channel Status Register) 


Received Framing Parity TxEMT TxRDY FFULL RxRDY 
Break Error Error 


NOTE: 

“These status bits are appended to the corresponding data character in the receive FIFO. A read of the status register provides these bits [7:5] 
from the top of the FIFO together with bits [4;0]. These bits are cleared by a reset error status command. In character mode they are reset when 
the corresponding data character is read from the FIFO. 


ACR (Auxiliary Control Register) 


BRG Set Counter/Timer Power-Down MPO Pin 
Select Mode and Source Mode Function Select 


ie eos 


001 = C/TO 101 = RxC (16X) 

010 = TxC (1X) 110 = TxRDY 

011 = TxC (16X) 111 = RxRDY/FFULL 
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Table 2. Register Bit Formats (Continued) 


Bit 7 


ISR (Interrupt Status Register) 


0=No 
1 = Yes 


0 = Low 
1 = High 


IMR aici Mask Resister) 


0 = Off 
1=On 


0 = Off 
1=On 


CTUR (Counter/Timer Upper Register) 


CTLR (Counter/Timer Lower Register) 


MR2[4] — Clear-to-Send Control 

The sate of this bit determines if the CTSN input 
(MPI) controls the operation of the transmitter. 
If this bitis 0, CTSN has no effect on the trans- 
mitter. If this bitis a 1, the transmitter checks the 
sate of CTSN each time it is ready to senda 
character. If itis asserted (low), the characteris 
transmitted. If it is negated (high), the TxD out- 
put remains in the marking state and the trans- 
mission is delayed until CTSN goes low. 
Changes in CTSN while a character is being 
transmitted do not affect the transmission of 
that character. This feature can be used to pre- 
vent overrun of a remote receiver. 


MR2[3:0] — Stop Bit Length Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1—9/16 to 2 bits, in incre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For a character 
length of 5 bits, 1-1/16 to 2 stop bits can be pro- 
grammed in increments of 1/16 bit. In all cases, 
the receiver only checks for a mark condition at 
the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
if parity is enabled). If an external 1X clock is 
used for the transmitter, MR2[3] = 0 selects one 
stop bit and MR2[3] = 1 selects two stop bits to 
be transmittted. 


CSR — Clock Select Register 


CSR[7:4] - Receiver Clock Select 

This field selects the baud rate clock for the re- 
ceiver as shown in Table 3. The baud rates 
listed are for a 3.6864MHz crystal or external 
clock. 
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0 =No 
1= Yes 


0=No 
1 = Yes 


RDY/FFULL | TxEMT Inter- 


CSR[3:0] — Transmitter Clock Select 

This field selects the baud rate clock for the 
transmitter. The field definition is as shown in 
Table 3. 


Table 3. Baud Rate Selection 


CSR[3:0]/ 


a ee ae 2 Orem ek ene) 
Aes Ss = OOOO S| SS | $= OO 
--0O0O0+-00+-00— 


The receiver clock is always a 16X clock, 
except for CSR[7:4] = 1111. 


CR —- Command Register 

CR is used to write commands to the UART. 
Multiple commands can be specified in a single 
write to CR as long as the commands are non- 
conflicting, e.g., the enable transmitter and re- 
set transmitter commands cannot be specified 
in a single command word. 


CR[7:4] — Miscellaneous Commands 
The encoded value of this field may be used to 
specify a single command as follows: 
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0 =No 
1 = Yes 


MPI Change MPI Level In- Not used Counter Delta Break | Rx 
Interrupt terrupt Ready Int Interrupt Interrupt 


0=Off 
1=On 


pe ee 


a Aaa aL 


0000 
0001 


0010 


0011 


0100 


0101 


0110 


MPI Pin MPI Pin Cur- Not used Counter Delta RxRDY/ TxEMT TxRDY 
Change rent State Ready Break FFULL 


0 = No 
1 = Yes 


0=No 
1 = Yes 


TxRDY Inter- 
rupt 


ae 


C/T[1] 


aT 


No command. 


Reset MR pointer. Causes the MR 
pointer to point to MR1. 


Reset receiver. Resets the receiv- 
er as if a hardware reset had been 
applied. The receiver is disable 
and the FIFO is flushed. 


Reset transmitter. Resets the 
transmitter as if a hardware reset 
had been applied 


Reset error status. Clears the re- 
ceived break, parity error, framing 
error, and overrun error bits in the 
Status register (SR[7:4]}. Used in 
character mode to clear OE status 
(although RB, PE, and FE bits will 
also be cleared), and in block 
mode to clear all error status after 
a block of data has been received. 


Reset break change _ interrupt. 
Causes the break detect change 
bit in the interrupt status register 
(ISR[3]) to be cleared to zero. 


Start break. Forces the TxD output 
low (spacing). If the transmitter is 
empty, the start of the break condi- 
tion will be delayed up to two bit 
times. If the transmitter is active, 
the break begins when transmis- 
sion of the character is completed. 
If a character is in the THR, the 
start of break is delayed until that 
character or any others loaded af- 
ter it have been transmitted 
(TxEMT must be true before break 
begins). The transmitter must be 
enabled to start a break. 
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0111 Stop break. The TxD line will go 
high (marking) within two bit times. 
TxD will remain high for one bit 
time before the next character, if 


any, is transmitted. 


Start C/T. In counter or timer 
modes, causes the contents of 
CTUR/CTLR to be preset into the 
counter/timer and starts the count- 
ing cycle. In timer mode, any 
counting cycle in progress when 
the command is issued is termi- 
nated. In counter mode, has no ef- 
fect unless a stop C/T command 
was issued previously. 


1000 


1001 Stop counter. In counter mode, 
stops operation of the counter/tim- 
er, resets the counter ready bit in 
the ISR, and forces the MPO out- 
put high if it is programmed to be 
the output of the C/T. In timer 
mode, resets the counter ready bit 
in the ISR but has no effect on the 
counter/timer itself or on the MPO 
output. 


Assert RTSN. Causes the RTSN 
output (MPO) to be asserted (low). 


Negate RTSN.Causes the RTSN 
output (MPO) to be negated (high). 


Reset MPI change __ interrupt. 
Causes the MPI change bit in the 
interrupt status register (ISR[7]) to 
be cleared to zero. 


Reserved. 
Reserved. 


1010 
1011 


1100 


1101 
111x 


CR[3] — Disable Transmitter 

This command terminates operation and resets 
the TxRDY and TxEMT status bits. However, if 
a character is being transmitted or if acharacter 
is in the THR when the transmitter is disabled, 
the transmission of the character(s) is com- 
pleted before assuming the inactive state. 


CR[2] — Enable Transmitter 
Enables operation of the channel A transmitter. 
The TxRDY status bit will be asserted. 


CR[1] - Disable Receiver 

This command terminates operation of the re- 
ceiver immediately; a character being received 
will be lost. The command has no effect on the 
receiver status bits or any other control regis- 
ters. If the special wake-up mode is pro- 
grammed, the receiver operates even if it is 
disabled (see Wake-up Mode). 


CR[0] - Enable Receiver 

Enables operation of the receiver. If not in the 
special wake-up mode, this also forces the re- 
ceiver into the search for start bit state. 


SR — Channel Status Register 
The status register is updated while RDN is ne- 
gated. Therefore, the bus interface used with 
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this device must not use a static RDN line. The 
RDN line must be pulsed to allow status register 
updates. 


SR[7] — Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received; further 
entries to the FIFO are inhibited until the RxD 
line returns to the marking state for atleast one 
half bit time (two successive edges of the inter- 
nal or external 1X clock). 


When this bit is set, the change in break bit in 
the ISR (ISR[3}) is set. ISR[3] is also set when 
the end of the break condition, as defined 
above, is detected. 


The break detect circuitry is capable of detect- 
ing breaks that originate in the middle of a re- 
ceived character. However, if a break begins in 
the middle of a character, it must last until the 
end of the next character time in order for it to 
be detected. 


SR[6] — Framing Error (FE) 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SR[5]— Parity Error (PE) 

This bit is set when the with parity or force parity 
mode is programmed and the corresponding 
character in the FIFO was received with incor- 
rect parity. In special wake-up mode, the parity 
error bit stores the received A/D bit. 


SR[4] — Overrun Error (OE) 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis set upon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. This bit is cleared by a reset 
error status command. 


SR[3] — Transmitter Empty (TxEMT) 

This bit will be set when the transmitter under- 
runs, i.e., both the transmit holding register 
(THR) and the transmit shift register are empty. 
However, this bit is not set until at least one 
character has been transmitted. It is set after 
transmission of the last stop bit of a character, 
If no character is in the THR awaiting transmis- 
sion. It is reset when the THR is loaded by the 
CPU, or when the transmitter is disabled. 


SR[2] - Transmitter Ready (TxRDY) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
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the CPU andis set when the character is trans- 
ferred to the transmit shift register. TxRDY is re- 
set when the transmitter is disabled and is set 
when the transmitter is first enabled, e.g., char- 
acters loaded in the THR while the transmitter 
is disabled will not be transmitted. 


SR[1] — FIFO Full (FFULL) 

This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the FIFO 
and there is no character in the receive shift 
register. If a character is waiting in the receive 
shift register because the FIFO is full, FFULL 
will be reset by the CPU read and then set by 
the transfer of the character to the FIFO, which 
causes all three FIFO positions to be occupied. 


SR[0] — Receiver Ready (RxRDY) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. It is set when the character is trans- 
ferred from the receive shift register to the FIFO 
and reset when the CPU reads the RHR, and 
no more characters are in the FIFO. 


ACR - Auxiliary Control Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates 
generated by the BRG. 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75,110, 134.5, 150, 300,600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


The selected set of rates is available for use by 
the receiver and transmitter. See Table 4 for 
characteristics of the BRG. 


ACR[6:4] — Counter/Timer Mode and Clock 
Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as follows: 


ACR 
Mode Clock Source 


[6:4] 

Counter | MPI pin 
Counter | MPI pin divided by 16 
Counter | TxC—1X clock of the 
transmitter 
Crystal or external 
clock (X1/CLK) 
divided by 16 
MPI pin 
MPI pin divided by 16 
Crystal or external 
clock (X1/CLK) 
Crystal or external 
clock (X1/CLK) 
divided by 16 


Counter 


Timer 
Timer 
Timer 


Timer 


Signetics Military Communications and Industrial Products 


Objective Specification 


Universal Asynchronous Receiver/Transmitter (UART) 


2691 


ACR[3] — Power-Down Mode Select 

This bit, when set to zero, selects the power- 
down mode. In this mode, the 2691 oscillator is 
stopped and all functions requiring this clock 
are suspended. The contents ofall registers are 
saved. It is recommended that the transmitter 
and receiver be disabled prior to placing the 
2691 in this mode. Note that this bit must be set 
to alogic 1 after reset. 


When the power-down mode is enabled, inter- 
nal circuitry forces the X1/CLK pin to the low 
state and the X2 pin to the high state. If an exter- 
nal clock is being used to drive the device, it is 
recommended that the clock source be three- 
stated or forced low while the UART is in power- 
down mode in order to prevent the clock driver 
from being short circuited. 


Table 4. BRG Characteristics 
Crystal or Clock = 3.6864MHz 


Nom Rate | Actual 16X* 
(Baud) Clock (kHz) | Error (%) 


*Duty cycle of 16X clock is 50% +1% 


ACR[2:0] - MPO Output Select 
This field programs the MPO output pin to pro- 
vide one of the following: 


000 Request-to-sendactive-low output 
(RTSN). This output is asserted 
and negated via the command reg- 
ister. RTSN can be programmed to 
be automatically reset after the 
character in the transmitter is com- 
pletely shifted out or when the re- 
ceiver FIFO and receiver shift reg- 
ister are full using MR2[5] and 
MR1[7], respectively. 


001 The counter/timer output. In the 
timer mode, this output is a square 
wave with a period of twice the val- 
ue (in clock periods) of the con- 
tents of the CTUR and CTLR. In 
the counter mode, the output re- 
mains high until the terminal count 
is reached, at which time it goes 
low. the output returns to the high 
state when the counter is stopped 
by a stop counter command. 
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010 The 1X clock for the transmitter, 
which is the clock that shifts the 
transmitted data. If data is not be- 
ing transmitted, a non-synchro- 


nized 1X clock is output. 


011 The 16X clock for the transmitter. 
This is the clock selected by 
CSR[3:0] = 1111. 


The 1X clock for the receiver, 
which is the clock that samples the 
received data. If data is not being 
received, a non-synchronized 1X 
clock is output. 


101 The 16X clock for the receiver. This 
is the clock selected by CSR[7:4], 
and is a 1X clock if CSR[7:4] = 
1111. 


110 The transmitter register empty sig- 
nal, which is the complement of 
SR[2]. Active low output. 
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111 The receiver ready or FIFO full sig- 
nal (complement of ISR[2]). Acti- 
ve-low output. 


ISR — Interrupt Status Register 
This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the interrupt mask register 
(IMR). If a bit in the ISR is a ‘1’ and the corre- 
sponding bit in the IMR is also a'1’, the INTRN 
outputis asserted (low). If the corresponding bit 
inthe IMRis a zero, the state of the bitin the ISR 
has no effect on the INTRN output. Note that 
the IMR does not mask the reading of the ISR; 
the true status is provided regardless of the 
contents of the IMR. This register is cleared 
when the device is reset. 


ISR[7] — MPI Change-of-State 

This bit is set when a change-of-state occurs at 
the MPI input pin. It is reset by a reset change 
interrupt command. 


ISR[6] — MPI Current State 

This bit provides the current state of the MPI 
pin. This information is latched and reflects the 
state of the pin at the leading edge of the ISR 
ready cycle. 


ISR[4] — Counter Ready 

In the counter mode of operation, this bit is set 
when the counter reaches terminal count and 
is reset when the counter is stopped by a stop 
counter command. 


In the timer mode, this bitis set once each cycle 
of the generated square wave (every other time 
the C/T reaches zero count). The bit is reset by 
a stop counter command. The command, how- 
ever, does not stop the C/T. 


ISR[3] — Change in Break 
This bit, when set, indicates that the receiver 
has detected the beginning or endof areceived 
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break. It is reset when the CPU issues a reset 
break change interrupt command. 


ISR[2] — Receiver Ready or FIFO Full 

The function of this bit is programmed by 
MR 1[6]. If programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be read by the CPU. It 
is set when the characteris transferred from the 
receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
set again after the FIFO is read. If programmed 
as FIFO full, it is set when a character is trans- 
ferred from the receive holding register to the 
receive FIFO and the transfer causes the FIFO 
to become full, i.e., all three FIFO positions are 
occupied. It is reset when the FIFO is read and 
thereis no characterin the receive shift register. 
If there is a character waiting in the receive shift 
register because the FIFO is full, the bit is set 
again when the waiting character is transferred 
into the FIFO. 


ISR[1] -— Transmitter Empty 
This bit is a duplicate of TxEMT (SR{3)). 


ISR[0] — Transmitter Ready 
This bit is a duplicate of TxRDY (SR[2)). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR cause an interrupt output. If a bit 
in the ISR is a ‘1’ and the corresponding bit in 
the IMR is a ‘1’, the INTRN output is asserted 
(low). If the corresponding bit in the IMR is a 
zero, the state of the bitin the ISR has no effect 
on the INTRN output. Note that the IMR does 
not mask reading of the ISR. 


CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be used 
by the counter/timer in either the counter or tim- 
er modes of operation. The minimum value 
which may be loaded is 0002 ¢. 


In the timer (programmable divider) mode, the 
C/T generates a square wave whose period is 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR or CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half-periods will be. 


The counter ready status bit (ISR[4]) is set once 
each cycle of the square wave. The bitis reset 
by a stop counter command. The command, 
however, does not stop the C/T. The generated 
square wave is output on MPO if it is pro- 
grammed to be the C/T output. 


In the counter mode, the C/T counts down the 
number of pulses loaded in CTUR and CTLR. 
Counting begins upon receipt of a start C/T 
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command. Upon reaching the terminal count, put remains high until the terminal count is values of CTUR and CTLR at any time, but the 
the counter ready interrupt bit (ISR[4]) is set. | reached, at which time it goes low. new count becomes effective only on the next 
the counter continues counting past the termi- ; start counter command. If new values have not 
nal count until stopped by the CPU. If MPO is The output retums to the high state and ISAI4] been loaded, the previous values are pre- 


is cleared when the counter is stopped by a stop 
- t t cycle. 
programmedto be the output of the C/T, the out counter command. The CPU may change the served and used for the next count cycle 


ABSOLUTE MAXIMUM RATINGS! 


Voltage from Vec to GND? 
Voltage from any pin to ground? -0.5 to Veo +10% 


RECOMMENDED OPERATING CONDITIONS 


Supply voltage 
High-level input voltage (except X1/CLK) 
High-level input voltage (X 1/CLK) 


Low-level output current 
High-level output current 


Operating free air temperature range 


Cin Roh 
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DC ELECTRICAL CHARACTERISTICS%: 5: -55°C < Ty < 125°C, 4.5V <Voc < 5.5V 


SYMBOL PARAMETER TEST CONDITIONS 


VoL Output low voltage lo, = MAX 
Von’ Output high voltage (except open drain outputs) lon = MAX 


Input leakage current Vin = 0 to Vcc -10 
lozH —10 
lozt —10 
Ix X1/CLK low input current Vin =0, X2 floated 
Iya X2 low output current Vout = 9, X1/CLK = Voc —100 

fs [iahgromuemen | Maeve nua | 

loca Power supply current, active 
loco Power down current 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperature, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. All voltage measurements are referenced to ground (GND). For testing, all input signals swing between OV and 2.8V with a transition time of 
20ns max. For X1/CLK, this swing is between 0.4V and 4.0V. All time measurements are referenced at input voltages of 0.8V and 2V and 
output voltages of 0.8V and 2V as appropriate. 

5. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


6. Test condition for outputs: C, = 150pF, except interrupt outputs. Test conditions for interrupt outputs: C_ = 50pF, Ri. = 2.7kohms to Vcc. 

7. Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the 'strobing’ input. In this- 
case, all timing specifications apply referenced to the falling and rising edges of CEN. CEN and RDN (also CEN and WRN) are ORed inter- 
nally. As a consequence, this signal asserted last initiates the cycle and the signal negated first terminates the cycle. 

8. If CEN is used as the 'strobing’ input, this parameter defines the minimum high time between one CEN and the next. The RDN signal must 
be negated for tawp guarantee that any status register changes are valid. 

9. Consecutive write operations to the command register require at least three rising edges of the X1 clock between writes. 

10. These parameters are guaranteed by design but are not 100% tested. 


Output off current, High, 3-State Data Bus 
Output off current, Low, 3-State Data Bus 


Vin = Voc 
Vin =0 
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AC ELECTRICAL CHARACTERISTICS%: ©: § 55°C < Ty < 125°C, 4.5V <Voc < 5.5V 


SYMBOL PARAMETER LIMITS UNIT 
| Min | typ | Mex 
Reset timing (Figure 1) 


ftaes | Resetpulsewidth ts 


Bus timing (Figure 2)’ 


AO-A2 setup time to RDN, WRN low 
AO-A2 hold time from RDN, WRN high 
CEN setup time to RDN, WRN low 
CEN hold time from RDN, WRN high 
WRN, RDN pulse width 

Data valid after RDN low 

Data bus floating after RDN high 
Data setup time before WRN high 
Data hold time after WRN high 

Time between reads and/or writes? 1° 


MPI and MPO timing (Figure 3)’ 


MPI input setup time before RDN low 
MI input hold time after RDN low 
MPO output valid after WRN high 


Interrupt timing (Figure 4) 


INTRN negated 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TXRDY, TxEMT interrupt) 
Reset command (break change interrupt) 
Reset command (MPI change interrupt) 
Stop C/T command (counter interrupt) 

Write IMR (clear of interrupt mask bit) 


Clock timing (Figure 5) 


X1/CLK high or low time 

X1/CLK frequency 

Counter/timer clock high or low time 
Counter/timer clock frequency 

RxC high or low time 

RxC frequency (16X) 

RxC frequency (1X) 

TxC high or low time 

TxC frequency (16X) 

TxC frequency (1X) 


Transmitter timing (Figure 6) 


ttxp TxD output delay from TxC low 350 
ttcs TxC output delay from TxD output data 150 


Receiver timing (Figure 7) 


taxs RxD data setup time to RxC high 100 
tRxH RxD data hold time from RxC high 100 
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Figure 1. Reset Timing 


NOT VALID 


DO-D7 
(WRITE) 


Figure 2. Bus Timing 


Figure 3. I/O Timing 
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WRN 


INTERRUPT! 
OUTPUT 


RDN 


INTERRUPT! Vor +0.5V 


OUTPUT eceeneanes: Wes. 


NOTES: 

1. INTRN OR MPO WHEN USED AS INTERRUPT OUTPUTS. 

2. THE TEST FOR OPEN DRAIN OUTPUTS IS INTENDED TO GUARANTEE SWITCHING OF THE OUTPUT TRANSISTOR. MEASUREMENT OF THIS RESPONSE IS 
REFERENCED FROM THE MIDPOINT OF THE SWITCHING SIGNAL, Vy, TO A POINT 0.5V ABOVE Vo_. THIS POINT REPRESENTS NOISE MARGIN THAT AS- 
SURES TRUE SWITCHING HAS OCCURRED. BEYOND THIS LEVEL, THE EFFECTS OF EXTERNAL CIRCUITRY AND TEST ENVIRONMENT ARE PRONOUNCED 
AND CAN GREATLY AFFECT THE RESULTANT MEASUREMENT. 


Figure 4, Interrupt Timing 


Y1 = 3.6864MHZ, C, = 20pF 
C1 = C2 = 24pF 


X1/CLK 
C/T CLK 
RxC 
TxC 


DRIVING 
FROM EXTERNAL 
SOURCE 


CLK 5V 


TYPICAL CRYSTAL SPECIFICATION 


FREQUENCY. .........006. 2-—4MHz 
LOAD CAPACITANCE (C,). .. 20 or 32pF (typical) 


TYPE OF OPERATION PARALLEL RESONANT, FUND. MODE 


Figure 5. Clock Timing 
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1 BIT TIME 
(1 OR 16 CLOCKS 
TxC 
(INPUT) \ 
trxp 
TxD 
ttcs 
TxC 
(1X OUTPUT) 


Figure 6. Transmit Timing 


RxC 
(1X INPUT) 
trxs tRxH 


RxD 


Figure 7. Receive Timing 
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D3 DS WILL 
NOT BE 
TRANSMITTED 


CR[7:4] = 1010 CR[7:4] = 1010 


NOTES: 
1. TIMING SHOWN FOR MR2[4] = 1. 
2. TIMING SHOWN FOR MR2{5] = 1. 


Figure 8. Transmitter Timing 


RxD 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


FFULL 
(SR1) 


RxRDY/ 
FFULL 
MPO? 


RON S = STATUS 


D = DATA 


OVERRRUN RESET BY 
(SR4) COMMAND 


rts! 
MPO 


MPO = 1 (CR[7:4] = 1010) 


NOTES; 
1. TIMING SHOWN FOR MR\1[7]. 
2. SHOWN FOR ACR[2:] = 111 AND MR1[6] = 0. 


Figure 9. Receiver Timing 
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MASTER STATION BIT 9 BIT 9 BIT 9 
‘4 remanent n ap ines ntcnnnea A aceme eee 
1x eh Eee | Pom Ld 
eee ente emery reece emenennceana mene 
TRANSMITTER 


ENABLED 
| | 


(SR2) 


us a’ he’ 


CSN y, F, y, 
(WRITE] 


MR1[4:3] = 11 ADD#1 MR1[2]=0 Do MR1[2] = 1 ADD#2 
MR1[2] = 1 


PERIPHERAL STATION 
BIT 9 BIT 9 BIT 9 BIT 9 BIT 9 
oo 
RxD at | appary 1 | | po jo | app; 1]! | yo. 
| | . | Lies 
| | 


RECEIVER 
ENABLED | | 
| | 


faci seer tat 
S = STATUS 


MR1[4:3] = 11 ADD#1 ha o D = DATA s D 


Figure 10. Wake-Up Mode 


2.7k 
INTRN | $45 
1. 
= 750M 


DOo-D 
TxD SS .  . +2.15V 
MPO 7 150pf 


Figure 11. Test Conditions on Outputs 
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DESCRIPTION 
The Signetics 2692 Dual Universal 
Asynchronous Receiver/Transmitter 


(DUART) is asingle-chip CMOS-LSIcom- 
munications device that provides two 
full-duplex asynchronous receiver/trans- 
mitter channels in a single package. It in- 
terfaces directly with microprocessors 
and may be used in a polled or interrupt 
driven system. 


The operating mode and data format of 
each channel can be programmed inde- 
pendently. Additionally, each receiver and 
transmitter can select its operating speed 
as one of eighteen fixed baud rates, a 16X 
clock derived from a programmable coun- 
ter/timer, or an external 1X or 16X clock. 
The baud rate generator and counter/tim- 
er can operate directly from a crystal or 
from external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications such 
as Clustered terminal systems. 


Each receiver is quadruply buffered to 
minimize the potential of receiver over-run 
orto reduce interrupt overhead in interrupt 
driven systems. In addition, a flow control 
capability is provided to disable a remote 
DUART transmitter when the receiver 
buffer is full. 


Also provided on the 2692 are a multipur- 
pose 7-bit input port and a multipurpose 
8-bit output port. These can be used as 
general purpose 1/O ports or can be as- 
signed specific functions (such as clock 
inputs or status/interrupt outputs) under 
program control. 


The 2692 is available in four package ver- 
sions: 40-pin and 28-pin, 0.6” wide Ce- 
ramic DIPs, a 44-pin LLCC, and a 52-pin 
Ceramic Flat Package. 


FEATURES 


@ Dual full-duplex asynchronous re- 
ceiver/transmitters 


© Quadruple buffered receiver data 
register 


© Programmable data format 
June 9, 1989 


2692 


Dual Asynchronous 
Receiver/Transmitter (DUART) 


Product Specification 


— 5 to 8 data bits plus parity 
— Odd, even, no parity or force 
parity 
-— 1, 1.5 or 2 stop bits program- 
mable in 1/16-bit increments 
@ Programmable baud rate for each 


receiver and transmitter selectable 
from: 


— 18 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived 
from programmable counter/timer 


— External 1X or 16X clock 


e Parity, framing, and overrun error 
detection 


© False start bit detection 


@ Line break detection and genera- 
tion 
® Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote loopback 


® Multifunction 7-bit input port 
— Can serve as clock or control in- 
puts 
— Change of state detection on four 
inputs 


@ Multifunction 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to 
be status/interrupt signals 


@ Versatile interrupt system 
— Single interrupt output with eight 
maskable interrupting conditions 
— Output port can be configured to 
provide a total of up to six sepa- 
rate wire-ORable interrupt out- 
puts 


@ Maximum data transfer rates: 
1X — 1MB/sec, 16X — 125kB/sec 


@ Automatic wake-up mode for multi- 
drop applications 


@ Start-end break interrupt/status 
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PIN CONFIGURATIONS 


X2 
X1/CLK 
RxDA 
TxDA 
OPO 
OP2 
OP4 


X2 
X1/CLK 
RxDA 


; TxDA 
OPO 
ele) 

| 02 
D4 
06 


TOP VIEW 


® Detects break which originates in 
the middle of a character 


@ On-chip crystal oscillator 
@ Power down mode 

@ Receiver timeout mode 

©® TTL compatible 

®@ Single +5V power supply 
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PIN CONFIGURATIONS (Continued) 


z 


Function i Function 
NC NC 


X1/CLK 
RXDA 


FLAT PACK 


TXDA 


PI 
1 
2 
3 
4 
5 
6 
7 
8 
9 


ORDERING INFORMATION 


PACKAGE ORDER CODE 


2692/BUA 
52-Pin Flat Pack 2692/BYA 
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BLOCK DIAGRAM 


BUS BUFFER CHANNELA 


TRANSMIT 
HOLDING REG 


TRANSMIT 
SHIFT REGISTER 
RECEIVE 
HOLDING REG 
DECODE 
RECEIVE 
SHIFT REG 


OPERATION 
CONTROL 


INTERRUPT 
CONTROL 


CHANNEL B 
(AS ABOVE) 


INPUT PORT 


CHANGE OF 


STATE 


7 
DETECTORS (4) «—_/—— IPO-iP6 


TIMING 


CONTROL 
INTERNAL DATA BUS 


OUTPUT PORT 


FUNCTION 
SELECT 


gee OP0-OP7 


X1/CLK 


X2 


BD00100S 


June 9, 1989 207 


Signetics Military Microprocessor Products Product Specification 


Dual Asynchronous Receiver/Transmitter (DUART) 2692 


PIN DESCRIPTION 


SYMBOL | APPLICABLE | TYPE NAME AND FUNCTION 
40,44,52| 28 | 


Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the 
DUART and the CPU. D0 is the least significant bit. 


Chip Enable: Active-Low input signal. When Low, data transfers between the CPU and the 
DUART are enabled on DO-D7 as controlled by the WRN, RDN and AO-A3 inputs. When High, 
places the DO-D7 lines in the 3-State condition. 


Write Strobe: When Low and CEN is also Low, the contents of the data bus is loaded into the 
addressed register. The transfer occurs on the rising edge of the signal. 


Read Strobe: When Low and CEN is also Low, causes the contents of the addressed register to 
be presented on the data bus. The read cycle begins on the falling edge of RDN. 


A0-A3 Address Inputs: Select the DUART internal registers and ports for read/write operations. 

RESET Reset: A High level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OPO-OP7 
in the High state, stops the counter/timer, and puts Channels A and B in the inactive state, with the 
TxDA and TxDB outputs in the mark (High) state. 

INTRN Interrupt Request: Active-Low, open-drain, output which signals the CPU that one or more of the 
eight maskable interrupting conditions are true. 

X1/CLK Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be 


supplied at all times. When a crystal is used, a capacitor must be connected from this pin to 
ground (see Figure 5). 


X2 Crystal 2: Connection for other side of the crystal. When acrystal is used, a capacitor must be 
connected from this pin to ground (see Figure 5). If X1/CLK is driven from an external source, this 
pin can be left open or connected to ground. 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, 
“space” is Low. 
Channel B Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, 
“space” is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the “mark” condition when the transmitter is disabled, idle or when operating in 
local loopback mode. “Mark” is High, “space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the ‘mark’ condition when the transmitter is disabled, idle, or when operating in 
local loopback mode. ‘Mark’ is High, ‘space’ is Low. 


Output 0: General purpose output or Channel A request to send (RTSAN, active-Low). Can be 
deactivated automatically on receive or transmit. 


Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be 
deactivated automatically on receive or transmit. 


Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A 
receiver 1X clock output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B 
transmitter 1X clock output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active-Low, RxRDYAN/FFULLAN 
output. 


Output 5: General purpose output or Channel B open-drain, active-Low, RxRDYBN/FFULLBN 
output. 


Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYAN output. 
Output 7: General purpose output, or Channel B open-drain, active-Low, TxRDYBN output. 
Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 
Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 
Input 2: General purpose input or counter/timer external clock input. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the 
external clock is used by the transmitter, the transmitted data is clocked on the falling edge of the 
clock. 
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PIN DESCRIPTION (Continued) 


SYMBOL | APPLICABLE TYPE NAME AND FUNCTION 
[40.40.52 [ 20 


X Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the ex- 
ternal clock is used by the receiver, the received data is sampled on the rising edge of the clock. 

X Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the 
external clock is used by the transmitter, the transmitted data is clocked on the falling edge of the 
clock. 

X Input 6: General purpose input or Channel B receiver external clock input (RxCB). When the ex- 

X X 

X X 


ternal clock is used by the receiver, the received data is sampled on the rising edge of the clock. 
ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING 
Storage temperature range -65 to +150 


Voltage from Voc to GND3 0.5 to +7.0 
Voltage from any pin to GND? -0.5 to Voc +0.5 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


| Min 
[vec | Seopvvonase —SSCSC—“—SC~‘i 
in | Hah evcinputvolagolocenVI) ———SCSC~C~wdCR 
in | Hor iveinpitvotage GLK) ——SSCSCSCS~S~SC 
__ 
_ 
=a 


Power Supply: +5V supply input. 
Ground 


Low level output current 
High level output current 


Operating free air temperature range* 


-400 
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DC ELECTRICAL CHARACTERISTICS? 5 7 -55°C < Tax +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TEST CONDITIONS LIMITS 

Typ®_| Max _ 
Vit Input Low voltage 
Vin Input High voltage (except X1/CLK) ; 
Vin Input High voltage (X1/CLK) 0.8 Vcc 
VoL Output Low voltage lo. = 2.4mA 
Vou Output High voltage (except OD outputs) lon = -400)1A Vec 0.5 


X1/CLK input current - power down Vin =0 to Voc 
X1/CLK input Low current - operating Vin = 0 
X1/CLK input High current - operating Vin = Vee 


i) 
oO 
Cc 


X2 output High current - operating Vout = Vcc, X1 =0 
X2 output High short circuit current - operating Vout = 0, X1 =0 
X2 output Low current - operating Vout = 9, X1 = Voc 

loLx2s X2 output Low short circuit current - operating and Vout = Vcc, X1 = Vec 
power down 


Input leakage current: 
All except input port pins Vin =0 to Voc 
Input port pins Vin = 0 to Voc 
lozH Output Off current High, 3-State data bus Vin = Vec 
lozi Output Off current Low, 3-State data bus Vin = OV 
lop Open-drain output Low current in Off-State Vin =0 
lopH Open-drain output High current in Off-State Vin = Voc 


Power supply current® 
lec 


Operating mode TTL input levels 
CMOS input levels 
TTL input levels 


CMOS input levels 


Power down mode 


U ' i] ' ' ' 
no — a — oO oO a 
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AC CHARACTERISTIC4:5:7 


AO-A3 setup time to RDN, WRN Low 
A0-A3 hold time from RDN, WRN Low 
CEN setup time to RDN, WRN Low 

CEN hold time from RDN, WRN High 
WRN, RDN pulse width 

Data valid after RDN Low 

RDN Low to data bus active? 

Data bus floating after RDN High 

RDN High to data bus invalid'@ 

Data setup time before WRN High 

Data hold time after WRN High 

High time between reads and/or writes? 10 


Port input setup time before RDN Low 
Port input hold time after RDN High 
OP,, output valid from WRN High 


Interrupt Timing (See Figure 4) 


INTRN (or OP3-OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 

Reset command (break change interrupt) 
Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 


Clock Timing (See Figure 5) 


X1/CLK High or Low time 
X1/CLK frequency 
CTCLK (IP2) High or Low time 
CTCLK (IP2) frequency" 
RxC High or Low time 
RxC frequency (16X)'9 

(1X)13 
TxC High or Low time 
TxC frequency (16X)'9 
(1 x)'3 


Transmitter Timing (See Figure 6) 


trxp TxD output delay from TxC Low 350 
tics Output delay from TxC Low to TxD data output 150 


Receiver Timing (See Figure 7) 


taxs RxD data setup time to RxC High 240 
tRxH RxD data hold time from RxC High 200 
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NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
Parameters are valid over specified temperature range. 

All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of S5ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 


Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test conditions for interrupt outputs: CL = 50pF, Ry = 2.7KQ to Vcc. 

All outputs are disconnected. Inputs are switching between TTL levels of 2.4V and 0.4V or CMOS levels of Voc -0.2V and Vsg + 0.2V. 
Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. CEN 
and RDN (also CEN and WRN) are ORed internally. As a consequence, the signal asserted last initiates the cycle and the signal negated 
first terminates the cycle. 

10. If CEN is used as the ‘strobing’ input, the parameter defines the minimum High times between one CEN and the next. The RDN signal must 


be negated for tawp to guarantee that any status register changes are valid. 
11. Consecutive write operations to the same command register require at least three edges of the X1 clock between writes. 
12. Guaranteed by characterization of sample units. 
13. Minimum frequencies are not tested but are guaranteed by design. 


iY 


oe 


COON 
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BLOCK DIAGRAM 

The 2692 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the Block Diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. 


Interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR)... The IMR can be pro- 
grammed to select only certain conditions to 
cause INTRN to be asserted. The ISR can be 
read by the CPU to determine all currently ac- 
tive interrupting conditions. 


Outputs OP3-OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
crystaloscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
If an external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. 


If an external is used instead of a crystal, X1 
should be driven using a configuration similar 
to the one in Figure 5. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. A 3.6864MHz crystal or external clock 
must be used to get the standard baud rate. The 
clock outputs from the BRG are at 16X the ac- 
tual baud rate. The counter/timer can be used 
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as a timer to produce a 16X clock for any other 
baud rate by counting down the crystal clock or 
an external clock. The four clock selectors al- 
low the independent selection, for each receiv- 
er and transmitter, of any of these baud rates or 
external timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OPS. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
itcan be stopped and started under program 
control. In the timer mode, the C/T acts asa 
programmable divider. 


Communications 
Channels A and B 


Each communications channel of the 2692 
comprises a full-duplex asynchronous receiv- 
er/transmitter (UART). The operating frequen- 
cy for each receiver and transmitter can be 
selected independently from the baud rate gen- 
erator, the counter/timer, or from an external in- 
put. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 


Input Port 

The inputs to this unlatched 7-bit port can be 
read by the CPU by performing a read opera- 
tion at address H'D’. A High input results ina 
logic 1 while a Low input results ina logic 0. D7 
will always read as a logic 1. The pins of this 
port can also serve as auxiliary inputs to cer- 
tain portions fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs, lasting longer than 25 - 


50LLs, will set the corresponding bitin the input 
port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


The input port pulse detection circuitry uses a 
38.4KHz sampling clock derived from one of 
the baud rate generator taps. This results ina 


sampling period of slightly more than 25s (this 
assumes that the clock input is 3.6864MHz). 
The detection circuitry, in order to guarantee 
that a true change in level has occurred, re- 
quires two successive samples at the new logic 
levelbe observed. As aconsequence, the mini- 
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mum duration of the signal change is 251s if the 
transition occurs “coincident with the first sam- 


ple pulse”. The 501s time refers to the situation 
in which the change-of-state is “just missed” 
and the first change-of-state is not detected un- 


til 25,1s later. 


Output Port 

The 8-bit multipurpose output port can be used 
as ageneral purpose output port, in which case 
the outputs are the complements of the Output 
Port Register (OPR). OPR(n) = 1 results in 
OP(n) = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bitis set by 
performing a write operation at address H'E’ 
with the accompanying data specifying the bits 
to be reset (1 = set, 0 = no change). Likewise, 
a bit is reset by a write at address H’F’ with the 
accompanying data specifying the bits to be re- 
set (1 = reset, 0 = no change). 


Outputs can be also individually assigned spe- 
cific functions by appropriate programming of 
the Channel A mode registers (MR1A, MR2A), 
the Channel B mode registers (MR1B, MR2B), 
and the Output Port Configuration Register 
(OPCR). 


OPERATION 


Transmitter 

The 2692 is conditioned to transmit data when 
the transmitter is enabled through the com- 
mand register. The 2692 indicates to the CPU 
that it is ready to accept a character by setting 
the TxRDY bitin the status register. This condi- 
tion can be programmed to generate an inter- 
rupt request at OP6 or OP7 and INTRN. When 
a character is loaded into the Transmit Holding 
Register (THR), the above conditions are ne- 
gated. Data is transferred from the holding re- 
gister to transmit shift register when it is idle or 
has completed transmission of the previous 
character. The TxRDY conditions are then as- 
serted again which means one full character 
time of buffering is provided. Characters can- 
not be loaded into the THR while the transmitter 
is disabled. 


The transmitter converts the parallel data from 
the CPU to a serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, ifa 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be setto 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. 
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If the transmitter is disabled, it continues oper- 
ating until the character currently being trans- 
mitted is completely sent out. The transmitter 
can be forced to send a continuous Low condi- 
tion by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The 2692 is conditioned to receive data when 
enabledthrough the command register. The re- 
ceiver looks for a High-to-Low (mark-to-space) 
transition of the start bit on the RxD input pin. 
If a transition is detected, the state of the RxD 
pin is sampled each 16X clock for 7-1/2 clocks 
(16X clock mode) or at the next rising edge of 
the bit time clock (1X clock mode). If RxD is 
sampled High, the start bit is invalid and the 
search for a valid start bit begins again. If RxD 
is still Low, a valid start bit is assumed and the 
receiver continues to sample the input atone bit 
time intervals at the theoretical center of the bit, 
until the proper number of data bits and parity 
bit (if any) have been assembled, and one stop 
bit has been detected. The least significant bit 
is received first. The data is then transferred to 
the Receive Holding Register (RHR) and the 
RxRDY bit in the SRis set toa 1. This condition 


can be programmed to generate an interrupt at 
OP4orOP5 and INTRN. Ifthe character length 
is less than 8 bits, the most significant unused 
bits in the RHR are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, ifanon-zero character was received without 
a stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bitwas 
sampled). 


The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
Status bit is set. If a break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least 
one-half bit time before a search for the next 
Start bit begins. 


The RHR consists of a First-In-First-Out (FIFO) 
stack with a capacity of three characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status registeris set whenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character in the 
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Mode Register A (MR1A, MR2A) 
Status Register A (SRA) 
Reserved 

Rx Holding Register A (RHRA) 
Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 
Mode Register B (MR1B, MR2B) 
Status Register B (SRB) 
Reserved 

Rx Holding Register B (RHRB) 
Reserved 

Input Port (IPR) 

Start Counter Command 

Stop Counter Command 
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FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHRis read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that characteris held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4] will 
be set-upon receipt of the start bit of the new 
(overrunning) character). 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to prevent an overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canberead. However, no additional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


WRITE (WRN = 0) 


Mode Register A (MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 
Aux. Control Register (ACR) 
Interrupt Mask Register (IMR) 
C/T Upper Register (CRUR) 

C/T Lower Register (CTLR) 
Mode Register B (MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 
Reserved 

Output Port Conf. Register (OPCR) 
Set Output Port Bits Command 
Reset Output Port Bits Command 
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Timeout Mode 

The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
register to the RHR, the counter is restarted. 
If a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmed time limit. Otherwise, if the re- 
ceiver has been programmed to interrupt the 
CPU when the receive FIFO is full, and the 
message ends before the FIFO is full, the CPU 
may not know there is data left in the FIFO. The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as it has stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a ‘Cx’ to CRA or 
CRB will disable the timeout mode. The time- 
out mode should only be used by one channel 
at once, since it uses the C/T. CTU and CTL 
must be loaded with a value greater than the 
normal receive character period. The timeout 
mode disables the regular START/STOP 
Counter commands and puts the C/T into 
counter mode under the control of the received 
data stream. Each time a received character is 
transferred from the shift register to the RHR, 
the C/T is stopped after 1 C/T clock, reloaded 
with the value in CTU and CTL and then re- 
started on the next C/T clock. If the C/T is al- 
lowed to end the count before a new character 
has been received, the counter ready bit, 
ISR[3], will be set. If IMR[3] is set, this will gen- 
erate an interrupt. Since receiving a character 
after the C/T has timed outwill clear the counter 
ready bit, ISR[3], and the interrupt. Invoking the 
‘Set Timeout Mode On’ command, CRx = ‘Ax’, 
will also clear the counter ready bit and stop the 
counter until the next character is received. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MR1A[4:3] or 
MR1B[4:3] to'11' for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
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stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A[2)//MR1B[2]. 
MR1A(2]/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data while 
MR1A[2)/MR1B[2] = 1 transmits a one in the 
A/D bit position, which identifies the corre- 
sponding data bits as an address. The CPU 
should program the mode register prior to load- 
ing the corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether it is enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
received A/D bitis a zero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 


PROGRAMMING 

The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zero on RESET. Care should be ex- 
ercised if the contents of aregister are changed 
during operation, since certain changes may 
cause operational problems. 


For example, changing the number of bits per 
character while the transmitter is active may 
cause the transmission of an incorrect charac- 
ter. In general, the contents of the MR, the 
CSR, and the OPCR should only be changed 
while the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
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pointer is set to MR1X by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the 
mode register while the pointer is at MR1X, 
switches the pointer to MR2X. The pointer then 
remains at MR2X, so that subsequent ac- 
cesses are always to MR2X unless the pointer 
is reset to MR1X as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H‘02' and 
H‘OA’ should never be read during normal op- 
eration since they are reserved for internal 
diagnostics. 


MR1A — Channel A Mode 


Register 1 

MR1A is accessed when the Channel A MR 
pointer points to MR1. The pointeris set to MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MR1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the receiver. This outputis nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[O]. MR1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
Start bit if the Channel A FIFO is full. However, 
OPR[0] is notresetand RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. Italso causes the selected bit to be out- 
put on OP4 if it is programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit select the operating mode of the three 
FlFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis; 
the status applies only to the character at the 
top of the FIFO. Inthe ‘block’ mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 
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MR1A[4:3| — Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A/[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0] - Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 

Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] - Channel A Mode 

Select 

Each channel of the DUART can operate in one 

of four modes. MR2A[7:6] = 00 is the normal 

mode, with the transmitter and receiver operat- 

ing independently. MR2A[7:6] = 01 places the 

channel in the automatic echo mode, which au- 

tomatically retransmits the received data. The 

following conditions are true while in automatic 

echo mode: 

3. Received data is reclocked and retrans- 
mitted on the TxDA output. 


> 


. The receive clock is used for the transmit- 
ter. 


on 


The receiver must be enabled, but the 
transmitter need not be enabled. 


The Channel A TxRDY and TxEMT status 
bits are inactive. 


2 


“ie 


The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bit is as received. 


@ 


Character framing is checked, but the 
stop bits are retransmitted as received. 


oO 


A received break is echoed as received 
until the next valid ‘start bit is detected. 
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10. CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 

MR2A[7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


3. The TxDA output is held High. 
4. The RxDA input is ignored. 


5. The transmitter must be enabled, but the 
receiver need not be enabled. 


6. CPU to transmitter and receiver communi- 
cations continue normally. 


The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


4. The received parity is not checked and is 
not regenerated for transmission, i.e., 
transmitted parity is as received. 


5. The receiver must be enabled. 


6. Character framing is not checked, and the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the de-selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been re-transmitted. 
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MR2A[5] — Channel A Transmitter 
Request-to-Send Control . 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[0] and ne- 
gated by resetting OPR[O]. MR2A[5] = 1 
caused OPR{0] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register and in the THR, if any, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
is not enabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


2. Enable transmitter. 

3. Asset RTSAN: OPR[O] = 1. 
4. Send message. 
) 


. Disable transmitter after the last character 
is loaded into the Channel A THR. 


The last character will be transmitted and 
OPR[(O] will be reset one bit time after the 
last stop bit, causing RTSAN to be ne- 
gated. 


o 


MR2A[4] — Channel A Clear-to-Send 
Control 

If this bitis 0, CTSAN has no effect on the trans- 
mitter. If this bit is a 1, the transmitter checks 
the state of CTSAN (IPO) each time it is ready 
to send a character. If IPO is asserted (Low), 
the character is transmitted. If it is negated 
(High), the TxDA output remains in the marking 
state and the transmission is delayed until 
CTSAN goes low. Changes in CTSAN while a 
character is being transmitted do not affect the 
transmission of that character.. 


MR2A[3:0] —- Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, inincre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For acharacter 
lengths of 5 bits, 1-1/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. In allcases, 
the receiver only checks for a ‘mark’ condition 
at the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
is enabled). 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 
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Table 2. Register Bit Formats 


BIT 7 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 


RxRTS RxINT ERROR PARITY BITS PER 
CONTROL SELECT MODE PARITY MODE CHARACTER 


0 = RxRDY 0 = Char 00 = With Parity 
12 FFULE 1 = Block 01 = Force Parity 
10 = No Parity 
11 = Multidrop Mode 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


TxRTS CTS . 
CHANNEL MODE eounedl ENABLE Tx STOP BIT LENGTH 


00 = Normal 4=0813 8=1563 C=1.813 
01 = Auto-Echo §=0875. 9=#1.625 D=1.875 
10 = Local loop 6=0938 A=1688 E=1.938 
11 = Remote loop 7=1.000 Bz=1.750 F=2.00 


NOTE: 
*Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 


BIT 7 BIT 6 BIT5 BIT 4 | BIT 3 BIT 2 BIT 1 BIT O 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


MISCELLANEOUS COMMANDS DISABLE Tx ENABLE Tx | DISABLE Rx | ENABLE Rx 


See Text 0 =No 0 =No 0=No 0=No 

1 = Yes 1 = Yes 1 = Yes 1 = Yes 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 

RECEIVED FRAMING PARITY OVERRUN 

BREAK* ERROR®* ERROR* ERROR TxEMT TxRDY FFULL RxRDY 

SRA 0=No 0=No 0=No 0=No 0=No 0=No 0 =No 0=No 
SRB 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 

NOTE: 

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 


the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status" command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
ee Oe Oe 


0=OPR{7] | 0=OPR[6] | 0=OPRI5) | 0=OPRI4] 00 = OPRI3] 11 = OPR[2] 
1=TxRDYB | 1=TxRDYA | 1=RxRDY/ | 1=RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16X) 
FFULLB FFULLA 10 = TxCB(1X) 10 = TxCA(1X) 
11 = RxCB(1X) 11 = RxCA(1X) 


' BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP 3INT IP 2 INT IP 1 INT IP OINT 
0 = set 1 0 = Off 
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Table 2. Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


DELTA DELTA DELTA DELTA 
IP 3 IP 2 IP 1 IPO 
BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 
IN. PORT RxRDY/ COUNTER 
CHANGE FFULLB bie READY 
0 - Off 0-Of 0 off 0 = Off 
1=On 1=On 1=On 1=On 1=On 


1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 


BIT 0 


TxRDYA 


0 =No 
1 = Yes 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


DELTA RxRDY/ TxRDYB COUNTER DELTA 
BREAK B FFULLB ‘ READY BREAK A 


0=No 0 =No 0=No 0 =No 0=No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


RxRDY/ 
FFULLA 


BIT 0 
TxRDYA 
INT 


BIT 0 
C/T[8] 


RxRDY/ 
FFULLA 
INT 


0 = No 0 =No 0 =No 0=No 0 = Low 0 = Low 
INT INT 


INT 


C/T[15] C/T[14] C/T[13] C/T[12] C/T[11] C/T[10] 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 2 BIT 0 


oi 


ii i Ee a re a Se 


MR1B — Channel B Mode CSRA — Channel A Clock Select Table 3. Baud Rate 


Register 1 Register ACR[7] =0 


MR1B is accessed when the Channel BMR = CSRA[7:4] - Channel A Receiver Clock 75 
pointerpointstoMR1. ThepointerissettoMR1 Select 
by RESET or by a ‘set pointer’ command This field selects the baud rate clock for the 


applied via CRB. After reading or writing Channel A transmitter. The field definition is 
MR1B, the pointer will point to MR2B. shown in Table 3. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


CSRA[3:0] — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 


MR2B —- Channel B Mode shown in Table 3, except as follows: 

MR2B is accessed when the Channel B MR 1110 IP3-16X IP3-16X IP4-16X 
pointer points to MR2, which occurs after any 1111 IP3-1X IP3-1X IP4-1X 
access to MR1B. Accesses to MR2B do not NOTE: The receiver clock is always a 16X 
change the pointer. The transmitter clock is always a 16X clock ex- clock except for CSRAI7:4] = 1111. 


cept for CSR[3:0] = 1111. 
The bit definitions for mode register are identi- 


cal to the bit definitions for MR2A, except that 
all control actions apply to the Channel B re- 
ceiver and transmitter and the corresponding 
inputs and outputs. 
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CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
shown in Table 3, except as follows: 


CSRB[7:4] ACR[7]}=0 ACRI7] =1 
1110 IP6-16X _ IP6-16X 
1111 IP6-1X IP6-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[7:4] = 1111. 


CSRB[3:0] — Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
shown in Table 3, except as follows: 


CSRB[3:4] ACR[7]=0 ACR[7] =1 
1110 IP5-16X —— IP5-16X 
1111 IP5-1X IP5-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register 


CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non-conflicting, e.g.,. the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


CRA[7:4] — Miscellaneous Commands 
The encoded value of this field may be used to 
specify a single command as follows: 


CRA[6:4] COMMAND 

0000 No command. 

0001 Reset MR pointer. Causes the Channel 
A MR pointer to point to. MR1. 

Reset receiver. Resets the Channel A 
receiver as if a hardware reset had been 
applied. The receiver is disabled and 
the FIFO is flushed. 

Reset transmitter. Resets the Channel 
A transmitter as if a hardware reset had 
been applied. 

Reset error status. Clears the Channel 
A Received Break, Parity Error, and 
Overrun Error bits in the status register 
(SRA[7:4]). Used in character mode to 
clear OE status (although RB, PE and 
FE bits will also be cleared) and in block 
mode to clear all error status after a 
block of data has been received. 

Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 
Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
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0010 


0011 


0100 


0101 


0110 


be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 
Assert RTSN. Causes the RTSN output 
to be asserted (Low). 

Negate RTSN. Causes the RTSN out- 
put to be negated (High). 

Set Timeout Mode On. The receiver in 
this channel will restart the C/T as each 
receive character is transferred from the 
shift register to the RHR. The C/T is 
placed in the counter mode, the START/ 
STOP counter commands are disabled, 
the counter is stopped, and the Counter 
Ready Bit, ISR[3], is reset. 

Not used. 

Disable Timeout Mode. This command 
returns control of the C/T to the regular 
START/STOP counter commands. _ It 
does not stop the counter, or clear any 
pending interrupts. After disabling the 
timeout mode, a ‘Stop Counter’ com- 
mand should be issued 

Not used. 

Power Down Mode On. In this mode, 
the DUART oscillator is stopped and all 
functions requiring this clock are sus- 
pended. The execution of commands 
other than disable power down mode 
(1111) requires a X1/CLK. While in the 
power down mode, do not issue any 
commands to the CR except the disable 
power down mode command. The con- 
tents of all registers will be saved while 
in this mode. . It is recommended that 
the transmitter and receiver be disabled 
prior to placing the DUART into power 
down mode. This command is in CRA 
only. 

Disable Power Down Mode. This com- 
mandrestarts the oscillator. After invok- 
ing this command, wait for the oscillator 
to start up before writing further com- 
mands to the CR. This command is in 
CRA only. 


CRA[3] — Disable Channel A 

Transmitter 

This command terminates transmitter opera- 
tion and reset the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


0111 


1000 


1001 


1010 


1011 


1100 


1101 
1110 


1111 
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CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] — Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The commandhas no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start-bit 
state. 


CRB — Channel B Command 


Register 

CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, with the exception 
of comamnds “Ex” and “Fx” which are used for 
power downmode. These two commands are 
not used in CRB. All other control actions that 
apply to CRA also apply to CRB. 


SRA — Channel A Status 
Register 


SRA[7] - Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 
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SRAJ[6] — Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SRA[5] — Channel A Parity Error 

This bitis set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. 


In the special multidrop mode the parity error bit 
stores the receive A/D bit. 


SRA[4] — Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis set upon receipt of a new charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. 


This bit is cleared by a ‘reset error status’ com- 
mand. 


SRA[3] — Channel A Transmitter Empty 
(TxEMTA) 

This bit willbe set when the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are emply. Itis set after transmission of the last 
stop bit of a character if no charactes is in the 
THR awaiting transmission. Itis resetwhen the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU and is set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
reset when the transmitter is disabled and is set 
when the transmitter is first enabled, e.g., char- 
acters loaded into the THRwhile the transmitter 
is disabled will not be transmitted. 


SRA[1] — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., allthree FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 
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SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. 


SRB — Channel B Status 


Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel B receiver and trans- 
mitter and the corresponding inputs and 
outputs. 


OPCR - Output Port 
Configuration Register 


OPCR[7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR[7]. 


— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[6] — OP6 Output Select 

This bit programs the OP6 output to provide 
one of the following: 

— The complement of OPR{6]. 


— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OP5 output to provide 
one of the following: 

— The complement of OPR[5]. 


— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OP5 acts as an open-drain 
output. Note that this output is not masked 
by the contents of the IMR. 


OPCR[4] — OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR[4]. 


— The Channel A receiver interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an open-drain 
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output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[3:2] — OP3 Output Select 

This bit programs the OP3 output to provide 

one of the following: 

— The complement of OPR{3]}. 

— The counter/timer output, in which case 
OP3 acts as an open-drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. In the counter 
mode, the output remains High until termi- 
nal count is reached, at which time it goes 
Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 

— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR[1:0] — OP2 Output Select 

This field programs the OP2 output to provide 

one of the following: 

— The complement of OPR[2]. 

— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRA[3:0], and will be a 1X clock if 
CSRAJ[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If cata is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


ACR - Auxiliary Control 
Register 
ACR[7] — Baud Rate Generator Set Select 


This bit selects one of two sets of baud rates to 
be generated by the BRG: 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05K, 1.2K, 2.4K, 4.8K, 7.2K, 
9.6K, and 38.4K baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 


1.2K, 1.8K, 2.0K, 2.4K, 4.8K, 9.6K, 
and 19.2K baud. 
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The selected set of rates is available for use by 
the Channel A and Breceivers andtransmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 


Table 4. Bit Rate Generator 
Characteristics 
Crystal or Clock = 
3.6864MHz 


ACTUAL 
16X CLOCK 
(kHz) 


ERROR (%) 


pe) 
fe?) 
Oo 


oOoooooC Oooo SooOoO: 
—s 
~ 
a 


NOTE: 
Duty cycle of 16X clock is 50% + 1%. 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 


Table 5. ACR 6:4 Field 


Definition 


oe | MODE CLOCK SOURCE 


Counter | External (IP2) 

Counter | TxCA — 1X clock of 
Channel A transmitter 
TxCB — 1X clock of 
Channel B transmitter 
Crystal or external clock 
(X1/CLK) divided by 16 
External (IP2) 

External (IP2) divided 
by 16 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 


Counter 
Counter 


Timer 
Timer 


Timer 


Timer 


ACR{[3:0] —IP3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
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set. If a bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. Ifa bit 
is in the ‘off state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] —1IP3, IP2, IP1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input-port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCRis read by the CPU. 
Aread of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR[3:0] —1P3, IP2, IP 1, IPO 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a‘1’ and the corre- 
sponding bit in the IMR is also a‘1’, the INTRN 
output will be asserted (Low). If the corre- 
sponding bit in the IMR is a zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 


00, when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bit is a ‘1’ when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] — Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt' command. 


ISR[5] - Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B{6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
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\f after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen acharacteris transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full;i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
lfacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] - Channel B Transmitter Ready 
This bit is a duplicate of TxRDYB (SRB[2)). 


ISR[3] — Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


{n the timer mode, this bitis setonce each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zero count). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


ISR[2] — Channel A Change in Break 

This bit, when set, indicates that the ChannelA 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR[1] — Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MR1A[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel A andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU read the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis set when acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[0] and IMR waiting charac- 
ter is loaded into the FIFO. . 


iSR[0] — Channel A Transmitter Ready 
This bit is a duplicate of TxRDYA (SRA[2)). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a‘1’ and the corresponding bit 
in the IMR is also a‘1’ the INTRN output will be 
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asserted. Ifthe corresponding bitin the IMRis 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does not mask the programmable interrupt out- 
puts OP3-OP7 or the reading of the ISR. 


CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is H'0002’. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR and CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half periods will be. The 
C/T will not be running until it receives an initial 


D0-D7 
(READ) 


00-07 
(WRITE) 
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‘Start Counter’ command (read at address 
A3-A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a start 
counter command (read with A3-AO = 1110) 
causes the counter to terminate the current tim- 
ing cycle and to begin anew cycle using the va- 
lues in CTUR and CTLR. 


The counter ready status bit (ISR[3]) is set once 
each cycle of the square wave. The bitis reset 
by a stop counter command (read with A3-A0 
= H'F’). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a start counter command. Upon reaching ter- 
minal count H‘0000’, the counter ready inter- 
rupt bit (ISR[3]) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If OP3 is programmed to be the 


tRES 


Figure 1. Reset Timing 


Figure 2. Bus Timing 
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output of the C/T, the output remains High until 
terminal countis reached, at which time it goes 
Low. The output returns to the High state and 
ISR[3] is cleared when the counter is stopped 
by a stop counter command. The CPU may 
change the values of CTUR and CTLR at any 
time, but the new count becomes effective only 
onthe next start counter commands. If new val- 
ues have not been loaded, the previous count 
values are preserved and used for the next 
count cycle 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note that a sub- 
sequent start counter command will cause the 
counter to begin anewcountcycle using the va- 
lues in CTUR and CTLR. 
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IPO-IP6 


(a) INPUT PINS 


OP0-OP7 OLD DATA NEW DATA 


WF00450S 


(b) OUTPUT PINS 


Figure 3. Port Timing 


INTERRUPT! 
OUTPUT 


INTERRUPT! 
OUTPUT 


NOTES: 

1. INTRN or OP3-OP7 when used as interrupt outputs. 

2. The test for open-drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching 
signal, Vy, to a point 0.5V above Vq. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and 
test environment are pronounced and can greatly affect the resultant measurement. 


Figure 4. Interrupt Timing 
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470Q 
X1/CLK 


CTCLK 
RxC 
TxC 


CLK 


“NOTE: X2 CAN BE LEFT OPEN OR 
GROUNDED WHEN X1 IS DRIVEN. 


C1 = C2 ~ 24pF FOR C, = 20pF 


ci 


TYPICAL CRYSTAL SPECIFICATION 
FREQUENCY 2-4 MHz 


LOAD CAPACITANCE (C,) | 12-32 pF 
TYPE OF OPERATION PARALLEL RESONANT, FUNDAMENTAL MODE 


Figure 5. Clock Timing 


1 BIT TIME 
ae 


(1 OR 16 CLOCKS) 


TxC 
(INPUT) 


Tx¢ 
(IX OUTPUT) 


WF00480S 


Figure 6. Transmitter External Clocks 
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RxC 
(IX INPUT) 


~<e— !pxs —e| (*—- tRxH 


WF00490S 


Figure 7. Receiver External Clock 


TxO 


TRANSMITTER 
ENABLED / 


TxROY 
(SR2) 


05 WILL 
NOT BE 
TRANSMITTED 


OPR(O) = 1 


WF00501S 


NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 8. Transmitter Timing 
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poe JTLT os J] AL 07 


! | D6, 07, 08 WILL BE LOST 


RECEIVER 


ENABLED : | 


YA 
p— 


STATUS DATA 05 WILL araius vale DATA STATUS DATA STATUS DATA 
01 BE LOST 


OVERRUN RESET BY COMMAND 
(SR4) 


RTS! 
(OPO) 
( OPR(0) = 1 


WF00521S 


NOTES: 
1. Timing shown for MR1(7) = 1. 
2. Shown for OPCR(4) = 1 and MR(6) = 


Figure 9. Receiver Timing 


MASTER STATION BIT9 


a st (ee 
TxD ADD#211 | 
— (pe 


TRANSMITTER 
ENABLED 


TxRDY 
(SR2) 


MR1/4 - 3)= 11 ADD#1 MR1(2)=0 DO MR1(2)= 1 ADDs#2 
MR1(2) = 1 


PERIPHERAL STATION 
BIT9 BIT 9 BIT 9 


RECEIVER | | | 
| | 


ENABLED 


RxRDY 
(SRO) 


RON/WRN 


MR1(4 - 3)= 11 STATUS DATA STATUS DATA 
00 ADD#2 


WF00520S 


Figure 10. Wake-Up Mode 


June 9, 1989 226 


Signetics Military Microprocessor Products Product Specification 


Dual Asynchronous Receiver/Transmitter (DUART) 2692 


DO-D7 
TxDA/B 
OPO0-OP7 


Figure 11. Test Conditions on Outputs 
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DESCRIPTION 

The Signetics 2698B Enhanced Octal 
Universal Asynchronous Receiver/Trans- 
mitter (Octal UART) is a single chip MOS- 
LSI communications device that provides 
eight full-duplex asynchronous receiver/ 
transmitter channels in a single package. 
It is fabricated with Signetics CMOS tech- 
nology which combines the benefits of 
high density and low power consumption. 


The operating speed of each receiver and 
transmitter can be selected independently 
as one of eighteen fixed baud rates, a 16X 
clock derived from a programmable coun- 
ter/timer, or an external 1X or 16X clock. 
The baud rate generator and counter/tim- 
er Can operate directly from a crystal or 
from external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the Octal UART particularly attrac- 
tive for dual-speed channel applications 
such as clustered terminal systems. 


The receiver is quadruple buffered to mini- 
mize the potential of receiver overrun orto 
reduce interrupt overhead in interrupt driv- 
en systems. In addition, a handshaking 
Capability is provided to disable a remote 
UART transmitter when the receiver buff- 
er is full. 


The UART provides a power-down mode 
in which the oscillator is frozen but the reg- 
ister contents are stored. This results in 
reduced power consumption on the order 
of several magnitudes. The Octal UART is 
fully TTL compatible and operates from a 
single +5V power supply. 


The 2698B is an upwardly compatible ver- 
sion of the 2698A Octal UART. In LDCC 
packaging, it is enhanced by the addition 
of receiver ready or FIFO full status out- 
puts, and transmitter empty status outputs 
for each channel on 16 multipurpose I/O 
pins. The multipurpose I/O pins of the 
2698B were inputs only on the 2698A. 
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(Octal UART) 


Product Specification 


FEATURES 
e Eight full-duplex asynchronous 
receiver/transmitters 


e Quadruple buffered receiver data 
register 
e Programmable data format: 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force 
parity 
— 1, 1.5 or 2 stop bits program- 
mable in 1/16-bit increments 
e Baud rate for the receiver and 
transmitter selectable from: 
— 18 fixed rates: 50 to 38.4K baud 


— User-defined rates from the pro- 
grammable counter/timer asso- 
ciated with each of four blocks 


— External 1x or 16x clock 


e Parity, framing, and overrun error 
detection 


e False start bit detection 

e Line break detection and 
generation 

e Programmable channel mode 


— Normal (full-duplex), automatic 
echo, local loop back, remote 
loopback 


e Four multi-function programmable 
16-bit counter/timers 


e Four interrupt outputs with eight 
maskable interrupting conditions 
for each output 


e Receiver ready/FIFO full and trans- 
mitter ready status available on 16 
multi-function pins in LLCC 
package 


e On-chip crystal oscillator 
e TTL compatible 


e Single +5V power supply with low 
power mode 
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ORDERING INFORMATION 


PIN CONFIGURATION LLCC PIN CONFIGURATION PGA 


OOOODOOOOO 
OOODDOOODOO 
OOODDOODOOOO 


TOP VIEW 


Function i Function 


MPOb 
MPPid 
VCC 
INTRON 
INTRON 
MPP2c 
TxDd 
MPP2d 
MPOd 
TxDf 
MPOf 
MPOh 
TxDh 
RxDb 
RxDd 
RxDf 
RxDh 
MPlie 
MP1I0e 
MPI1f 
MPIOf 
MPPite 
GND 
MPP 1f 
MPQOg 
MPP2e 
MPOe 
MPP2f 
MPOc 
MPOa 
TxDg 
TxDe 
RxDg 
MPI0g 
MPIOh 
MPlI1g 
RxDe 
MPIh 
TxDe 
MPPig 
RxDe 
MPPth 


OMONONA WN — 


Function i is Function s Function 

D4 MPlid MPI3e 

D5 TXDb MP0e 
MPl2c MPI3t 
MPOb MPOc 
MPI2d MPOa 
VCC TXDg 
INTR2N TXDe 
INTR3N RXDg 
MPI3c MPI0g 
TXDd MPIOh 
MPI3d MPlig 
MPOd RXd3 
TXDf MPlth 
MPOf TXDec 
MPOh MPl2g 
TXDh RXDc 
RXDb MPI2h 
RXDd TXDa 
RXDt MP113g 
RXDh RXDa 

A5 MPlie MP113h 

MP 10a MP10e VCC 

MP10b MPIif 

INTRON MPIOt 

INTRIN MPl2e 

MP1IOc GND 

MPlic MPl2ft 

MP 10d MPOg 
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BLOCK DIAGRAM 


| 
BLOCK A 7 
8 
wo Gof mmomaf | Weare || 
TxD 
IP TRANSMIT oe 
SHIFT REG | 
| 
| 


(3) RECEIVE 
OPERATION idchahieai RxDa 
RDN CONTROL RECEIVE 


WRN j SHIFT REG | 
| 


CEN 
AO-AS5 
RESET : 


RxDb 
7 | INPUT PORT 
TIMING (4) CHANGE- || 8 
OF-STATE MPI 
X1/CLK CRYSTAL > DETECTORS ‘ 
oe 
; . 
an OUTPUT PIN nice 
FUNCTION 
aN SELECT 2 
LOGIC MPO 
BLOCK B aay 
(SAME AS A) OPCR 


TIMING 


CLOCK 
SELECTORS 
COUNTER’ - 

TIMER 


4 


pt—_§_f4 
2 


BLockp [AJ 
(SAME AS A) = 


TIMING 


BLOCK C 
(SAME AS A) 


INTERRUPT 
CONTROL 


CONTROL 
INTERNAL DATA BUS 
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PIN DESCRIPTION 


 wwenowe [ae LDCC | TYPE NAME AND FUNCTION 
O 


I/ Data Bus: Active-High 8-bit bidirectional 3-state data bus. Bit 0 is the LSB and bit 7 is the MSB. 
All data, command, and status transfers between the CPU and the Octal UART take place over 
this bus. The direction of the transfer is controlled by the WRN and RDN inputs when the CEN 
input is low. When the CEN input is High, the data bus is in the 3-state condition. 


Chip Enable: Active-Low input. When Low, data transfers between the CPU and the Octal 
UART are enabled on DO-D7 as controlled by the WRN, RDN and AO-AS inputs. When CEN 
is High, the Octal UART is effectively isolated from the data bus and DO—D7 are placed in the 
3-state condition. 


Write Strobe: Active-Low input. A Low on this pin while CEN is Low causes the contents of the 
data bus to be transferred to the register selected by AO-AS5. The transfer occurs on the trailing 
(rising) edge of the signal. 


Read Strobe? Active-Low input. A Low on this pin while CEN is Low causes the contents of the 
register selected by AO-AS5 to be placed on the data bus. The read cycle begins on the leading 
(falling) edge of RDN. 


Address Inputs: Active-High address inputs to select the Octal UART registers for read/write 
operations. 


Reset: Master reset. A High on this pin clears the status register (SR), clears the interrupt mask 
register (IMR), clears the interrupt status register (ISR), clears the output port configuration reg- 
ister (OPCR), places the receiver and transmitter in the inactive state causing the TxD output 
to go to the marking (High) state, and stops the counter/timer. 


INTRAN-— Interrupt Request: This active-Low open drain output is asserted on occurrence of one or more 
INTRON of eight maskable interrupting conditions. The CPU can read the interrupt status register to de- 
termine the interrupting condition(s). 


X1/CLK Crystal 1: Crystal or external clock input. When using the crystal oscillator, this pin serves as 
the connection for one side of the crystal. If a crystal is not used, an external clock is supplied 
at this input. An external clock (or crystal) is required even if the internal baud rate generator is 
not utilized. This clock is used to drive the internal baud rate generator, as an optional input to 
the timer/counter, and to provide other clocking signals required by the chip. 


X2 Crystal 2: Connection for other side of crystal. If an external source is used instead of a crystal, 
this connection should be left open (see Figure 7). 


RxDa-RxDh Receiver Serial Data Input: The least significant bit is received first. If external receiver clock 
is specified, this input is sampled on the rising edge of the clock. 


TxDa-TxDh Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held 
in the marking (High) condition when the transmitter is idle or disabled and when the Octal UART 
is operating in local loopback mode. If external transmitter is specified, the data is shifted on the 
falling edge of the transmitter clock. 


MPOa—MPOh Multi-Purpose Output: One of the following functions can be selected for this output pin by pro- 
gramming the auxiliary control register: 
RTSN — Request to send active-Low output. This output is asserted and negated via the com- 
mand register. By appropriate programming of the mode registers, RTSN can be programmed 
to be automatically reset after the character in the transmitter is completely shifted or when the 
receiver FIFO and shift register are full. 
C/TO — The counter/timer output. 
TxC1X — The 1X clock for the transmitter. 
TxC16X — The 16X clock for the transmitter. 
RxC1X — The 1X clock for the receiver. 
RxC16X — The 16X clock for the receiver. 
TxRDY — Transmitter holding register empty signal. 
RxRDY/FFULL — Receiver FIFO not empty/full signal. 


MPIOa—MPI0h é Multi-Purpose Input 0: This pin can be programmedto serve as an input for one of the following 
functions: 
GPI- General purpose input. The current state of the pin can be determined by reading the IPCR 
or input port register. 
CTSN -— Clear-to-send active-Low input. 
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PIN DESCRIPTION (Continued) 


pee bate oe 


MPI1a—MPI1h 


MPP 1a—MPP th 


MPP2a—MPP2h 


Test Input 


Voc 
GND 


BLOCK DIAGRAM 

As shown in the block diagram, the Octal UART 
consists of: data bus buffer, interrupt control, 
operation control, timing, and eight receiver 
and transmitter channels. The eight channels 
are divided into four different blocks, each block 
independent of each other (see Figure 1). 


BLOCK C 
CHANNELS e, f 


BLOCK D 
CHANNELS g, h 


Figure 1. Channel Architecture 


Channel Blocks 

There are four blocks (Figure 1), each contain- 
ing two sets of receiver/transmitters. In the fol- 
lowing discussion, the description applies to 
Block A which contains channels a and b. How- 
ever, the same information applies to all chan- 
nel blocks. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. Itis 
controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the Octal UART. 
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NAME AND FUNCTION 
Multi-Purpose!nput 1: This pincan be programmedto serve as an input for one of the following 


functions: 
or input port register. 


channels b, d, f, and h stay GPI. 


ing functions: 
GPI 


CSRI3:0]. 


ing functions: 


CSRI[7:4]. 


Power Supply: +5V supply input. 


Ground 


Interrupt Control 

A single interrupt output per block (INTRN) is 

provided which is asserted on occurrence of 

any of the following internal events: 

— Transmit holding register ready for each 
channel 


— Receive holding register ready or FIFO full 
for each channel 


— Change in break received status for each 
channel 


— Counter reached terminal count 
— Change in MPI input 


Associated with the interrupt system are the in- 
terrupt mask register (IMR) and the interrupt 
Status register (ISR). The IMR can be pro- 
grammed to select only certain conditions, of 
the above, to cause INTRN to be asserted. The 
ISR can be read by the CPU to determine all 
currently active interrupting conditions. Howev- 
er, the bits of the ISR are not masked by the 
IMR. The transmitter ready status and the re- 
ceiver ready or FIFO full status can be proved- 
edon MPP 1a, MPP1b, MPP 2a, and MPP 2b by 
setting OPCR[7]. these outputs are not masked 
by IMR. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
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GPI- General putpose input. The current state of the pin can be deterrnined by reading the IPCR 


CTCLK — Counter/timer external clock input. Only channels a, c, e, and g change to-C/T inputs; 


Multi-Purpose Pin 1: This pincan be programmed to serve as an input or output for the follow- 


— General purpose input: This is the default condition for this pin. The current state of the 
pin can be determined by reading the input port register. 
TCLK: Transmitter external clock input. This may be a 1X or 16X clock as programmed by 


TxRDY: Active-Low open drain output. Transmitter holding register empty signal. This function 
is selected for this pin by programming OPCR{7] — 1. 

Multi-Purpose Pin 2: This pin can be programmed to serve as an input or output for the follow- 
GPI: General putpose input: This is the default condition for this pin. The current state of the pin 


can be determined by reading the input port register. 
RCLK: Receiver external clock input. This may be a 1X or 16X clock as programmed by 


RxRDY.FFULL: Active-Low open drain output. Receiver FIFO not empty/full signal. This func- 
tion is selecteed for this pin by programming OPCR[7] — 1. 


Test Input: This pin is used as an input for test purposes at the factory while in test mode. This 
pin can be treated as ‘N/C’ by the user. It can be tied high, tied low, or left open. 


cations with the microprocessor via the data 
bus buffer. The functions performed by the CPU 
read and write operations are shown in Table 1. 


Mode registers 1 and 2 are accessed via an 
auxiliary pointer. The pointer is set to MR1 by 
RESET or by issuing a reset pointer command 
via the command register. Any read or write of 
the mode register while the pointer is at MR1 
switches the pointer to MR2. The pointer then 
remains at MR2 so that subsequent accesses 
are to MR2, unless the pointer is reset to MR1 
as already described. 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer for each block, and two clock 
selectors. 


The crystal oscillator operates directly from a 
3.6864MHz crystal connected across the X1/ 
CLK and X2 inputs with a minimum of external 
components. If an external clock of the appro- 
priate frequency is available, it may be con- 
nected to X1/CLK. If an external clock is used 
instead of a crystal, X1 must be driven and X2 
left floating as shown in Figure 7. The clock 
serves as the basic timing reference for the 
baud rate generator (BRG), the counter/timer, 
and other internal circuits. A clock frequency, 
within the limits specified in the electrical speci- 
fications, must be supplied even if the internal 
BRG is not used. 
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Table 1. Register Addressing 


Be SN 2 A LD a) 


MR1a, MR2a 


SRa 
Reserved" 
RHRa 
IPCRA 
ISRA 
CTUA 
CTLA 


SRb 
Reserved" 
RHRb 
Reserved* 
Input port A 
Start C/T A 
Stop C/TA 


ooooooooo°cooo°coo 
ase ese ese ew oe KB OOO OOOCCO 
~se eS OC0CO--=-=+ 0000 
—~-o0oO0+;+;-<00++-'00+-+-00 
-o-o+0+;0+-0+ 0-0-4 


SRe 
Reserved" 
RHRe 
IPCRB 
ISRB 
CTUB 
CTLB 


SRd 
Reserved* 
RHRd 
Reserved" 
Input port B 
Start C/T B 
Stop C/T B 


; 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


asters st QOOOOOOO 
“=== =64 000044440000 
=-=][00--00=4=-00-=00 
sg ep ea te ee ade es sa 


NOTE: 


MR 1b, MR2b 


MR 1c, MR2c 


MR1d, MR2d 


MRia, MR2a 
CSRa 

CRa 

THRa 
ACRA 

IMRA 
CTURA 
CTLRA 
MR1b, MR2b 
CSRb 

CRb 

THRb 
Reserved": 
OPCRA 
Reserved" 
Reserved* 


MRIt1c, MR2c 
CSRce 

CRe 

THRce 

ACRB 

IMRB 
CTURB 
CTLRB 
MR1d, MR2d 
CSRd 

CRd 

THRd 
Reserved* 
OPCRB 
Reserved" 
Reserved* 


a cm ect, Se, ek: fe. “el Ge me feet cc, ee fee, ek 
ooooocooo0eoceceo0o0°ce 
—_~ ste ee ew ew Ss OODOOOoO°ecde”Ne 
“asa es sS O°OCoCOCOHf +--+ 000 


ee re Cee Cures Cees Caen Cram Cannan Caan 
Oe a a a a a ca cr tees Came G 
—~ st ec Uc OU mK VB OOO OOOO OO 


—_~eet eS Ss O;COC O24. 000 0 


rsroouwni Cow HK oon woo 
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MR1e, MR2e 
CSRe 

CRe 

THRe 
ACRC 
IMRC 
CTURC 
CTLRC 
MR1f, MR2f 
CSRf 

CRf 

THR 
Reserved" 
OPCRC 
Reserved* 
Reserved* 


MR1g, MR2g 
CSRg 

CRg 

THRg 

ACRD 

IMRD 
CTURD 
CTLRD 
MRi1h, MR2h 
CSRh 

CRh 

THRh 
Reserved" 
OPCRD 
Reserved* 
Reserved* 


MRie, MR2e 
SRe 
Reserved* 
RHRe 
IPCRC 
ISRC 
CTUC 
CTLC 
MR1f, MR2f 
SRf 
Reserved* 
RHRf 
Reserved* 
Input port C 
Start C/T C 
Stop C/T C 


MR1g, MR2g 
SRg 
Reserved* 
RHRg 
IPCRD 

ISRD 

CTUD 

CTLD 

MR1h, MR2h 
SRh 
Reserved* 
RHRh 
Reserved* 
Input port D 
Start C/T D 
Stop C/T D 


=-O-j- Of-/" OF =] Oo = O = O = OO =m 


-—-oO-}-0+00+-oO0+o0e+o0o0o-oO0o--0O0 


*Reserved registers should never be read during normal operation since they are reserved for internal diagnostics. 


ACR = Auxiliary control register 
CR = Command register 

CSR = Clock select register 

CTL = Counter/timer lower 

CTLR = Counter/timer lower register 
CTU = Counter/timer upper 
CTUR= Counter/timer upper register 
MR = Mode register 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. Thirteen of these are available simulta- 
neously for use by the receiver and transmitter. 
Eight are fixed, and one of two sets of five can 
be selected by programming ACR[7]. The clock 
outputs from the BRG are at 16X the actual 
baud rate. The counter/timer can be used as a 
timer to produce a 16X clock for any other baud 
rate by counting down the crystal clock or an ex- 
ternal clock. The clock selectors allow the inde- 
pendent selection, by the receiver and 
transmitter, of any of these baud rates or an 
external timing signal. 
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SR = Status Register 
THR = Tx holding register 
RHR = Rx holding register 
IPCR = Input port change register 
ISR = Interrupt status register 
IMR = _ Interrupt mask register 
Output port configuration registerr 


O 
“0D 
fe) 
D 
u 


There are four C/Ts in the Octal UART, one for 
each block. The C/T operation is programmed 
by ACR[6:4]. One of eight timing sources can 
be used as the input to the C/T. The output of 
the C/T is available to the clock selectors and 
can also be programmed by OPCR(2:0] for 
channel a and OPCR[6:4] for channel b, to be 
output on the MPOa or MPOb pin respectively. 


A register read address is reserved to issue a 
Start counter/timer command and a second 
register read address is reserved to issue a 
stop counter/timer command for each timer. 
For example, to issue a stop counter command 
for the counter-timer in block B, a read of ad- 
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dress ‘1F’ must be performed. See Table 1 for 
register addressing. 


In the timer mode, the C/T generates a square 
wave whose period is twice the number of clock 
periods loaded into the C/T upper and lower 
registers. The counter ready bitin the ISRis set 
once each cycle of the square wave. If the value 
in CTUR or CTLR is changed, the current half- 
period will not be affected, but subsequent half- 
periods will be affected. In this mode the C/T 
runs continuously and does not recognize the 
stop C/T command (the command only resets 
the counter ready bit in the ISR). Receipt of a 
start C/T command causes the counter to ter- 
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minate the current timing cycle and to begin a 
new cycle using the values in CTUR andCTLR. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR andCTLR. 
Counting begins upon receipt of a start counter 
command. Upon reaching terminal count, the 
counter ready bit in the ISR is set. The counter 
continues counting past the terminal count until 
stopped by the CPU. If MPO is programmed to 
be the output of the C/T, the output remains 
High until terminal count is reached, at which 
time it goes Low. The output returns to the High 
State and the counter ready bit is cleared when 
the counter is stopped by a stop counter com- 
mand. The CPU may change the values of 
CTURandCTLRatany time, but the newcount 
becomes effective only on the next start count- 
er command following a stop counter com- 
mand. If new values have not been loaded, the 
previous count values are preserved and used 
for the next count cycle. 


In the counter mode, the current value of the up- 
per and lower eight bits of the counter may be 
read by the CPU. It is recommended that the 
counter be stopped when reading to prevent 
potential problems which may occur if a carry 
from the lower eight bits to the upper eight bits 
occurs between the times that both halves of 
the counter are read. However, a subsequent 
Start counter command causes the counter to 
begin a new count cycle using the values in 
CTUR and CTLR. 


Receiver and Transmitter 

The Octal UART has eight full-duplex asynch- 
ronous receiver/transmitters. The operating 
frequency for the receiver and transmitter can 
be selected independently from the baud rate 
generator, the counter/timer, or from an exter- 
nal input. 


Registers associated with the communications 
channel are the mode registers (MR1 and 
MR2), the clock select register (CSR), the com- 
mand register (CR), the status register (SR), 
the transmit holding register (THR), and the re- 
ceive holding register (RHR). 


Transmitter 

The transmitter accepts parallel data from the 
CPU and converts it to a serial bit stream on the 
TxD output pin. It automatically sends a start bit 
followed by the programmed number of data 
bits, an optional parity bit, and the programmed 
number of stop bits. The least significant bit is 
sent first. Following the transmission of the stop 
bits, if a new character is not available in the 
THR, the TxD output remains high and the 
TxEMT bit in the SR will be set to 1. Transmis- 
sion resumes and the TxEMT bit is cleared 
when the CPU loads a new character in the 
THR. In the 16X clock mode, this also resyn- 
chronizes the internal 1X transmitter clock so 
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that transmission of the new character begins 
with minimum delay. 


The transmitter can be forced to send a break 
(continuous Low condition) by issuing a start 
break command via the CR. The break is termi- 
nated by a stop break command. If the transmit- 
ter is disabled, it continues operating until the 
characters currently being transmitted and the 
character in the THR, if any, are completely 
sent out. Characters cannot be loaded in the 
THR while the transmitter is disabled. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel format, 
checks for start bit, stop bit, parity bit (if any), or 
break condition, and presents the assembled 
character to the CPU. The receiver looks for a 
High-to-Low (mark-to-space) transition of the 
start biton the RxD input pin. Ifa transition is de- 
tected, the state of the RxD pin is sampled 
again each 16X clock for 7-1/2 clocks (16X 
clock mode) or at the next rising edge of the bit 
time clock (1X clock mode). 


If RxD is sampled High, the start bit is invalid 
and the search for a valid start bit begins again. 
If RxD is still Low, a valid start bit is assumed 
and the receiver samples the input. This contin- 
ues at one bit time intervals, at the theoretical 
center of the bit, until the proper number of data 
bits and the parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The data is then transferred to the RHR andthe 
RxRDY bit in the SR is set to a one. If the char- 
acter length is less than eight bits, the most sig- 
nificant unused bits in the RHR are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. However, 
if anon-zero character was received without a 
stop bit (i.e. framing error) and RxD remains low 
for one-half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bitwas 
sampled). The parity error, framing error and 
overrun error (if any) are strobed into the SR at 
the received character boundary, before the 
RxRDY status bit is set. 


If a break condition is detected (RxD is iow for 
the entire character including the stop bit), only 
One character consisting of all zeros will be 
loaded in the FIFO and the received break bit 
in the SR is set to 1. The RxD input must return 
to a high condition for two successive clock 
edges of the 1X clock (internal or external) be- 
fore a search for the next start bit begins. 


TIMEOUT MODE 

The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
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register to the RHR, the counter is restarted. If 
a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmedtime limit. Otherwise, if the receiv- 
er has been programmed to interrupt the CPU 
when the receive FIFO is full, and the message 
ends before the FIFO is full, the CPU may not 
know when there is data left in the FIFO, The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as it has stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a ‘Cx’ to CRA or 
CRBwill disable the timeout mode. The timeout 
mode should only be used by one channel at 
once, since it uses the C/T. CTU and CTL must 
be loaded with a value greater than the normal 
receive character period. The timeout mode 
disables the regular START/STOP counter 
commands and puts the C/T into counter mode 
under the control of the received data stream. 
Each time a received character is transferred 
from the shift register to the RHR, the C/T is 
stopped after one C/T clock, reloaded with the 
value in CTU and CTL and then restarted on the 
next C/T clock. If the C/T is allowed to end the 
count before a new character has been re- 
ceived, the counter ready bit, ISR[3], will be set. 
If IMR[3] is set, this will generate an interrupt. 
Since receiving a character restarts the C/T, the 
receipt of a character after the C/T has timed 
out will clear the counter ready bit, ISR[3], and 
the interrupt. Invoking the ‘Set Timeout Mode 
On’ command, CRx='Ax’, will also clear the 
counter ready bit and stop the counter until the 
next character is received. 


RECEIVER FIFO 

The RHR consists of a first-in-first-out (FIFO) 
with a capacity of three characters. Data is 
loaded from the receive shift register into the 
top-most empty position of the FIFO. The 
RxRDY bit in the status register (SR) is set 
whenever one or more characters are available 
to be read, and a FFULL status bit is set if all 
three stack positions are filled with data. Either 
of these bits can be selected to cause an inter- 
rupt. A read of the RHR, outputs the data at the 
top of the FIFO. After the read cycle, the data 
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FIFO andits associated status bits are ‘popped’ 
thus emptying a FIFO position for new data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are appended to each data character in the 
FIFO. Status can be provided in two ways, as 
programmedby the error mode control bitin the 
mode register. In the ‘character’ mode, status 
is provided on a character-by-character basis: 
the status applies only to the character at the 
top of the FIFO. In the ‘block’ mode, the status 
providedin the SR for these three bits is the log- 
ical OR of the status for all characters coming 
to the top of the FIFO since the last reset error 
command was issued. In either mode, reading 
the SR does not affect the FIFO. The FIFO is 
‘popped’ only when the RHRis read. Therefore, 
the SR should be read prior to reading the cor- 
responding data character. 


If the FIFO is full when a new character is re- 
ceived, that character is held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exists, the contents of the FIFO are not af- 
fected: the character previously in the shift reg- 
ister is lost and the overrun error status bit, 
SR[4], will be set upon receipt of the start bit of 
the new (overrunning) character. 


WAKE-UP MODE 

In addition to the normal transmitter and receiv- 
er operation described above, the Octal UART 
incorporates a special mode which provides 
automatic wake-up of the receiver through ad- 
dress frame recognition for multiprocessor 
communications. This mode is selected by pro- 
gramming bits MR1[4:3] to ‘11’. 


In this mode of operation, a ‘master’ station 
transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, whose receivers are 
normally disabled, examine the received data 
stream and ‘wake-up’ the CPU [by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, an ad- 
dress/data (A/D) bit, and the programmed num- 
ber of stop bits. The polarity of the transmitted 
A/D bitis selected by the CPU by programming 
bit MR1[2]; MR1[2] = 0 transmits a zero in the 
A/D bit position which identifies the corre- 
sponding data bits as data; MR1[2] = 1 trans- 
mits aone in the A/D bit position which identifies 
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the corresponding data bits as an address. The 
CPU should program the mode register prior to 
loading the corresponding data bits in the THR. 


While in this mode, the receiver continuously 
looks at the received data stream, whether it is 
enabled or disabled. If disabled, it sets the 
RxRDY status bit and loads the character in the 
RHR FIFO if the received A/D bit is a one, but 
discards the received character if the received 
A/D bitis a zero. If enabled, all received charac- 
ters are then transferred to the CPU via the 
RHR. In either case, the data bits are loaded in 
the data FIFO while the A/D bit is loaded in the 
status FIFO position normally used for parity er- 
ror (SR[5]). Framing error, overrun error, and 
break detect operate normally whether or not 
the receiver is enabled. 


MULTI-PURPOSE INPUT PIN AND 


MULTI-PURPOSE I/O PINS 

The inputs to this unlatched 8-bit port for each 
block can be read by the CPU, by performing a 
read operation as shown in Table 1. A High in- 
put results in a logic one, while a Low input re- 
sults in a logic zero. When the input port pins 
are read on the 84-pin LLCC, they will appear 
on the data bus in alternating pairs (i.e., DBO = 
MP10a, DB1 = MPI1a, DB2 = MPIOb, DB3 = 
MPI1b, DB4 = MPP1a, DB5 = MPP2a, DB6 = 
MPP 1b, DB7 = MPP2b. Although this example 
is shown for input port ‘A’, all ports will have a 
similar order). 


The MPI pin can be programmed as an input to 
one of several Octal UART circuits. The func- 
tion of the pin is selected by programming the 
appropriate control register. Change-of-state 
detectors are provided for MPIO and MPI1 for 
each channel in each block. A High-to-Low or 
Low-to-High transition of the inputs lasting 


longer than 25 to 50iLs sets the MPI change-of- 
state bit in the interrupt status register. The bit 
is cleared via a command. The change-of-state 
can be programmed to generate an interrupt to 
the CPU by setting the. corresponding bitin the 
interrupt mask register. 


The input port pulse detection circuitry uses a 
38.4KHz sampling clock, derived from one of 
the baud rate generator taps. This produces a 


sampling period of slightly more than 25Ls (as- 
suming a 3.6864MHz oscillator input). The de- 
tection circuitry, in order to guarantee thata true 
change in level has occurred, requires two 
successive samples be observed at the new 
logic level. As a consequence, the minimum 


duration of the signal change is 25LLs if the tran- 
sition occurs coincident with the first sample 


pulse. (The 50\s time refers to the condition 
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where the change-of-state is just missed and 
the first change of state is not detected until af- 


ter an additional 25s.) 


The multi-purpose pins can be programmed as 
inputs or outputs using OPCR[7]. When pro- 
grammed as inputs, the functions of the pins 
are selected by programming the appropriate 
control registers. When programmed as out- 
puts, the two MPP1 pins (per block) will provide 
the transmitter ready (TxRDY) status for each 
channel and the MPP2 pins will provide the re- 
ceiver ready or FIFO full (RxRDY/FFULL) sta- 
tus for each channel. 


MULT-PURPOSE OUTPUT PIN 

This pin can be programmed to serve as a re- 
quest-to-send output, the counter/timer output, 
the output for the 1X or 16X transmitter or re- 
ceiver clocks, the TxRDY outputor the RxRDY/ 
FFULL output (see OPCR [2:0] and OPCR [6:4] 
— MPO Output Select). 


REGISTERS 

The operation of the Octal UART is pro- 
grammed by writing control words into the ap- 
propriate registers. Operational feedback is 
provided via status registers which can be read 
by the CPU. Addressing of the registers is de- 
scribed in Table 1. 


The bit formats of the Octal UART registers are 
depicted in Table 2. These are shown for block 
A. The bit format for the other blocks is the 
same. 


MR1 — Mode Register 1 

MR1 is accessed when the MR pointer points 
to MR1. The pointer is set to MR1 by RESET or 
by a set pointer command applied via the CR. 
After reading or writing MR1, the pointers are 
set at MR2. 


MR1[7] — Receiver Request-to-Send Con- 
trol 

This bit controls the deactivation of the RTSN 
output (MPO) by the receiver. This output is 
manually asserted and negated by commands 
applied via the command register. MR1[7] = 1 
causes RTSN to be automatically negated 
upon receipt of a valid start bit if the receiver 
FIFO is full. RTSN is reasserted when an empty 
FIFO position is available. This feature can be 
used to prevent overrun in the receiver by using 
the RTSN output signal to control the CTS input 
of the transmitting device. 


MR1[6] — Receiver Interrupt Select 

This bit selects either the receiver ready status 
(RxRDY) or the FIFO full status (FFULL) to be 
used for CPU interrupts. 
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MR1[5] — Error Mode Select 

This bit selects the operating mode of the 
three FiFOed status bits (FE, PE, received 
break). In the character mode, status is pro- 
vided on a character-by-character basis; the 
Status applies only to the character at the top 
of the FIFO. In the block mode, the status pro- 
vided in the SR for these bits is the accumula- 
tion (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the 
last reset error command was issued. 


MR1[4:3] — Parity Mode Select 

If ‘with parity’ or ‘force parity’ is selected, a 
parity bitis added to the transmitted character 
and the receiver performs a parity check on 
incoming data. MR1[4:3] = 11 selects thé 
channel to operate in the special wake-up 
mode. 


MR1[2] - Parity Type Select. 

This bit selects the parity type (odd or even) 
if the ‘with parity’ mode is programmed by 
MR 1[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. 
It has no effect if the ‘no parity’ mode is pro- 
grammed. In the special ‘wake-up’ mode, it 
selects the polarity of the transmitted A/D bit. 


MR1[1:0] — Bits Per Character Select 
This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, 
parity, and stop bits. 


MR2 — Mode Register 2 
MR2is accessedwhen the channel MR point- 
er points to MR2, which occurs after any ac- 


cess to MR1. Accesses to MR2 do not. 


change the pointer. 


MR2[7:6] — Mode Select 


The Octal UART can operate in one of four 
modes. MR2[7:6] = 00 is the normal mode, 
with the transmitter and receiver operating in- 
dependently. MR2[7:6] = 01 places the chan- 
nel in the automatic echo mode, which auto- 
matically retransmits the received data. The 
following conditions are true while in automat- 
ic echo mode: 


7. Received data is reclocked and retrans- 
mitted on the TxD output. 

8. Thereceive clockis used for the transmit- 
ter. 

9. The receiver must be enabled, but the 
transmitter need not be enabled. 

10. The TxRDY and TxEMT status bits are in- 
active. 

11. The received parity is checked, but is not 
regenerated for transmission, i.e., trans- 
mitted parity bit is as received. 


12. Character framing is checked, but the stop 


bits are retransmitted as received. 
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Table 2. Register Bit Formats 


Cs a Ce CC 


MR1 (Mode Register 1) 


Error 
Mode 


RxRTS 
Control 


0 = Char 
1 = Block 


00 = With parity 

01 = Force parity 
10 = No parity 

11 = Special mode 


Stop Bit Length* 


00 = Normal 


01 = Auto-echo 
10 = Local loop 
11 = Remote loop 


NOTE: 
*Add 0.5 to values shown above for 0-7, if channel is programmed for 5 bits/char. 


CSR (Clock Select Register) 


Receiver Clock Select Transmitter Clock Select 


CR (Command Register) 


Miscell Cc d Disable Disable | Enable 
iscellaneous Commands Tx Rx Rx 
5 0 =No 0=No 0=No 
ee text 1=Yes 1 = Yes 1 = Yes 


SR (Status Register) 


Rec’d. | Framing Parity 
Break Error Error 


NOTE: 

*These status bits are appended to the corresponding data character in the receive FIFO. A read 
of the status register provides these bits [7:5] from the top of the FIFO together with bits [4:0]. 
These bits are cleared by a reset error status command. In character mode, they must be reset 
when the corresponding data character is read from the FIFO. 


FFULL | RxRDY 


OPCR (Output Port Configuration Register) 


MPP 
Function 
Select 


MPOb Pin Function Select MP0Oa Pin Function Select 


000 = RTSN 

001 =C/TO 

010 = TxC (1X) 
011 = TxC (16x) 
100 = RxC (1X) 
101 = RxC (16X0 
110 = TxRDY 
111 = RxRDY/FF 


000 = RTSN 
001 = C/TO 

010 = TxC (1X) 
011 = TxC (16X) 
100 = RxC (1X) 
101 = RxC (16X) 
110 = TxRDY 
111 = RxRDY/FF 


0 = input 
1 = output 


NOTE: 
*Only OPCR{[3] in block A controls the power-down mode. 


14. CPU-to-receiver communication continues 
normally, but the CPU-to-transmitter link is 
disabled. 


13. Areceived break is echoed as received until 
the next valid start bit is detected. 
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Two diagnostic modes can also be selected. 

MR2[7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 

nected to the receiver input. 

The transmit clock is used for the receiver. 

The TxD output is held high. 

The RxD input is ignored. 

The transmitter must be enabled, but the 

receiver need not be enabled. 

6. CPU to transmitter and receiver commu- 
nications continue normally. 


AS On 


The second diagnostic mode is the remote 
loopback mode, selected by MR2[7:6] = 11. 
In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TXD output. 

2. The receive clock is used for the transmit- 
ter. 

3. Received data is not-sent to the local 
CPU, and the error status conditions are 
inactive. 

4. The received parity is not checked and is 
not regenerated for transmission, i.e., the 
transmitted parity bit is as received. 

5. The receiver must be enabled, but the 
transmitter need not be enabled. 

6. Character framing is not checked, and the 
stop bits are retransmitted as received. 

7. A received break is echoed as received 
until the next valid start bit is detected. 


When switching in and out of the various 
modes, the selected mode is activated at the 
completion of all transmitted and received 
characters. Likewise, ifamode is deselected, 
the device will switch out of the mode at the 
completion of all transmit and/or receive 
characters. 


MR2[5] — Transmitter Request-to—Send 
Control 

This bit controls the deactivation of the RTSN 
output (MPO) by the transmitter. This output is 
manually asserted and negated by appropriate 
commands issued via the command register. 
MR2{[5] = 1 causes RTSN to be reset automati- 
cally one bit time after the characters in the 
transmit shift register and in the THR (if any) 
are completely transmitted (includes the pro- 
grammed number of stop bits if the transmitter 
is notenabled). This feature can be used to au- 
tomatically terminate the transmission as fol- 
lows: 


1. Program auto-reset mode: MR2[5] = 1. 

2. Enable transmitter. 

3. Assert RTSN via command. 

4. Send message. 

5. Verify the next to last character of the mes- 
sage is being sent by waiting until transmit- 
ter ready is asserted. Disable transmitter 
after the last character of the message is 
loaded in the THR. 
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Table 2. Register Bit Formats (Continued) 


sity [sine [ens [ena [ens [ene [ont [ero 


ACR (Auxiliary Control Register) 
BRG Set 


Select 


IPCR (Input Port Change Register) 


Delta Delta Delta 


MPliia 


0=No 
1 = Yes 


MPI0a 


0 =No 
1 = Yes 


MPI1b 


0=No 
1 = Yes 


0=No 
1 = Yes 


ISR (Interrupt Status Register) 


MPI Port 
Change 


0=No 
1 = Yes 


Delta RxRDY/ 
BREAKb | FFULLb 


0=No 0=No 
1 = Yes 1 = Yes 


TxRDYb 


0=No 
1 = Yes 


IMR (Interrupt Mask Register) 


MPI Port 
Change 


INT INT 


CTUR (Counter/Timer Upper Register) 


Counter/Timer Delta Delta Delta Delta 
Mode and Source MPIibINT | MPIObINT | MPltalNT at 
0 =set 1 0O= zou 
ize Seem | Sion | Son 


Delta 
MPIOb 


Counter Delta RxRDY/ 
BREAKa | FFULLa | '*RDYa 


TxRDYb 


0 = off 
1=on 


0 = Low 
1 = High 


0 = Low 


0 =Low 
‘1 = High 


0 = Low 
1 = High 


0=No 
1 = Yes 


0=No 
1 = Yes 


0=No 
1 = Yes 


0=No 
1 = Yes 


RxRDY/ 
FFULLa 
INT 


Counter 
Ready 
INT 


[eae Sa A) NE ee ee 


CTUR (Counter/Timer Lower Register) 


IPR (Input Port Register) 


6. The last character will be transmitted and 
RTSN will be reset one bit time after the last 
stop bit. 


MR2[4] — Clear-to-Send Control 

The sate of this bit determines if the CTSN input 
(MPI) controls the operation of the transmitter. 
If this bit is 0, CTSN has no effect on the trans- 
mitter. If this bitis a 1, the transmitter checks the 
sate of CTSN each time it is ready to senda 
character. If it is asserted (Low), the character 
is transmitted. If it is negated (High), the TxD 
output remains in the marking state and the 
transmission is delayed until CTSN goes Low. 
Changes in CTSN, while a character is being 
transmitted do not affect the transmission of 


237 


es (ee UE 


[urr2e [wpe | wore | wPPie | MPi> | wP=IOe | WPiie | MPIOo 


O0=Low | O=Low | O=Low | O=Low | O0=Low | 0=Low | O=Low 
1=High | 1=High | 1=High | 1=High | 1=High | 1=High | 1=High 


0 = Low 


that character. This feature can be used to pre- 
vent overrun of a remote receiver. 


MR2[3:0] — Stop Bit Length Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, inincre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For a character 
length of 5 bits, 1—1/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. In all cases, 
the receiver only checks for a mark condition at 
the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
if parity is enabled). If an external 1X clock is 
used for the transmitter, MR2[3] = 0 selects one 
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stop bit and MR2[3] = 1 selects two stop bits to 
be transmittted. 


CSR — Clock Select Register 


CSR[7:4] — Receiver Clock Select 
When using a 3.6864MHz crystal or external 
clock input, this field selects the baud rate clock 
for the receiver as shown in Table 3. 


Table 3. Baud Rate 


—~ toto oo Vt ot 1 OOOO O 
—-' 4 -O0O0d0 4 = s+ = O 
=—}{=-0 0" =}+ OO = =+ Odo = 
—-o}-0-" 0 + O +" O = O = 


MP2 — 1X MP2 — 1X 


The receiver clock is always a 16X clock, ex- 
cept for CSR[7:4] = 1111. When MPP2 is se- 
lected as the input, MPP2ais for channel a and 
MPP2b is for channel b. 


CSR[3:] - Transmitter Clock Select 

This field selects the baud rate clock for the 
transmitter. The field definition is as shown in 
Table 3, except as follows: 


CSR[3:0] ACR[7]=0  ACR[7]=1 
1110 MPP1—16X MPP1-— 16x 
1111 MPP1-1X  MPP1—1X 


When MPP 1 is selected as the input, MPP 1ais 
for channel a and MPP 1b is for channel b. 


CR —- Command Register 
CR is used to write commands to the Octal 
UART. 


CR[7:4] - Miscellaneous Commands 
The encoded value of this field can be used to 
specify a single command as follows: 


0000 
0001 


No command. 


Reset MR pointer. Causes the MR 
pointer to point to MR1. 


Reset receiver. Resets the receiv- 
er as if a hardware reset had been 
applied. The receiver is disabled 
and the FIFO pointer is reset to the 
first location. 

Reset transmitter. Resets the 
transmitter as if a hardware reset 
had been applied. 


0010 


0011 
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Reset error status. Clears the re- 
ceived break, parity error, framing 
error, and overrun error bits in the 
status register (SR[7:4]}. Used in 
character mode to clear OE status 
(although RB, PE, and FE bits will 
also be cleared), and in block 
mode to clear all error status after 
a block of data has been received. 
Reset break change _ interrupt. 
Causes the break detect change 
bit in the interrupt status register 
(ISR[2 or 6]) to be cleared to zero. 


Start break. Forces the TxD output 
low (spacing). If the transmitter is 
empty, the start of the break condi- 
tion will be delayed up to two bit 
times. If the transmitter is active, 
the break begins when transmis- 
sion of the character is completed. 
If a character is in the THR, the 
start of break is delayed until that 
character or any others loaded af- 
ter it have been transmitted 
(TxEMT must be true before break 
begins). The transmitter must be 
enabled to start a break 

Stop break. The TxD line will go 
high (marking) within two bit times. 
TxD will remain high for one bit 
time before the next character, if 
any, is transmitted. 

Assert RTSN. Causes the RTSN 
output to be asserted (Low). 
Negate RTSN. Causes the RTSN 
output to be negated (High). 

Set Timeout Mode On. The regis- 
ter in this channel will restart the C/ 
T as each receive character is 
transferred from the shift register 
to the RHR. The C/T is placed in 
the counter mode, the START/ 
STOP counter commands are dis- 
abled, the counter is stopped, and 
the Counter Ready Bit, ISR[3], is 
reset. 

Reserved. 

Disable Timeout Mode. This com- 
mand returns control of the C/T to 
the regular START/STOP counter 
commands. It does not stop the 
counter, or clear any pending inter- 
rupts. After disabling the timeout 
mode, a ‘Stop Counter’ command 
should be issued. 

1101. Reserved. 

111x Reserved for testing. 


CR[3] — Disable Transmitter 

This command terminates transmitter opera- 
tion and resets the TxRDY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 
1100 
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CR[2] — Enable Transmitter 
Enables operation of the: transmitter. The 
TxRDY status bit will be asserted. 


CR[1] — Disable Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special wake—up mode is pro- 
grammed, the receiver operates even if it is dis- 
abled (see Wake-up Mode). 


CR[0] — Enable Receiver 

Enables operation of the receiver. If not in the 
special wake-up mode, this also forces the re- 
ceiver into the search for start bit state. 


SR — Channel Status Register 


SR[7] — Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received; further 
entries to the FIFO are inhibited until the RxDA 
line returns to the marking state for atleast one- 
half bit time (two successive edges of the inter- 
nal or external 1x clock). 


When this bit is set, the change in break bit in 
the ISR (ISR[6 or 2]) is set. ISR[6 or 2] is also 
set when the end of the break condition, as de- 
fined above, is detected. The break detect cir- 
cuitry is capable of detecting breaks that 
originate in the middle of a received character. 
However, if a break begins in the middle of a 
character, it must last until the end of the next 
character in order for it to be detected. 


SR[6] — Framing Error (FE) 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SR[5]— Parity Error (PE) 

This bitis setwhen the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. In special ‘wake-up mode’, the 
parity error bit stores the received A/D bit. 


SR[4] — Overrun Error (OE) 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis set upon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. This bit is cleared by a reset 
error status command. 
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SR[3] - Transmitter Empty (TxEMT) 

This bit will be set when the transmitter under- 
runs, i.e., both the transmit holding register and 
the transmit shift register are empty. However, 
this bit is not set until one character has been 
transmitted. It is set after transmission of the 
last stop bit of a character, If no character is in 
the THR awaiting transmission. Itis reset when 
the THR is loaded by the CPU, or when the 
transmitter is disabled. 


SR[2] — Transmitter Ready (TxRDY) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU and is set when the character is trans- 
ferred to the transmitshift register. TxRDY is re- 
set when the transmitter is disabled and is set 
when the transmitter is first enabled, e.g., char- 
acters loaded in the THR while the transmitter 
is disabled will not be transmitted. 


SR[1] — FIFO Full (FFULL) 

This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the FIFO 
and there is no character in the receive shift 
register. If a character is waiting in the receive 
shift register because the FIFOis full, FFULLis 
not reset after reading the FIFO once. 


SR[0] - Receiver Ready (RxRDY) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. It is set when the character is trans- 
ferred from the receive shift register to the FIFO 
and reset when the CPU reads the RHR, and 
no more characters are in the FIFO. 


OPCR - Output Port 
Configuration Register 


OPCR[7] - MPP Function Select 

When this bit is a zero, the MPP pins function 
as inputs, to be used as general purpose inputs 
Or as receiver or transmitter external clock in- 
puts. When this bitis set, the MPP pins function 
as outputs. MPP1 will be a TxRDY indicator, 
and MPP2 will be an RXxRDY/FFULL indicator. 


OPCR[6:4] — MPOb Output Select 
This field programs the MPOb output pin to pro- 
vide one of the following: 


000 Request-to-send active-Low out- 
put (RTSN). This output is as- 
serted and negated via the com- 
mand register. Mode RTSN can be 
programmed to be automatically 
reset after the character in the 
transmitter is completely shifted 
out or when the receiver FIFO and 
receiver shift register are full using 
MR2[5] and MR1[7], respectively. 
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001 The counter/timer output. In the 
timer mode, this output is a square 
wave with a period of twice the val- 
ue (in clock periods) of the con- 
tents of the CTUR and CTLR. In 
the counter mode, the output re- 
mains high until the terminal count 
is reached, at which time it goes 
low. The output returns to the High 
state when the counter is stopped 
by a stop counter command. 


010 The 1X clock for the transmitter, 
which is the clock that shifts the 
transmitted data. If data is not be- 
ing transmitted, a non-synchro- 


nized 1X clock is output. 


011 The +6X clock for the transmitter. 
This is the clock selected by 
CSR[3:0], and is a 1X clock if 
CSR[3:0] = 1111. 


The 1X clock for the receiver, 
which is the clock that samples the 
received data. If data is not being 
received, a non-synchronized 1X 
clock is output. 


101 The 16X clock for the receiver. This 
is the clock selected by CSR[7:4], 
and is a 1X clock if CSR[7:4] = 
1111. 


100 


110 The transmitter register empty sig- 
nal, which is the same as SR[3]. 


111 The receiver ready or FIFO full sig- 
nal. 


OPCR[3] —- Power Down Mode Select 

This bit, when set, selects the power-down 
mode. In this mode, the 2698B oscillator is 
stopped and all functions requiring this clock 
are suspended. The contents of allregisters are 
saved. It is recommended that the transmitter 
and receiver be disabled prior to placing the 
2698B in this mode. This bit is reset with RE- 
SET asserted. Note that this bit must be set to 
alogic 1 after power up. Only OPCR{3] in block 
A controls the power-down mode. 


OPCR[2:0] —- MPOa Output Select 

This field programs the MPOa output pin to pro- 
vide one of the same functions as described in 
OPCR{[6:4]. 


ACR - Auxiliary Control Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates 
generated by the BRG. 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 150, 300, 600, 1.2k, 1.8k, 


2.0k, 2.4k, 4.8k, 9.6k, 19.2k, and 
38.4k baud. 
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The selected set of rates is available for use by 
the receiver and transmitter. 


ACR[6:4] — Counter/Timer Mode and Clock 
Source Select 

This field selects the operating mode of the 
counter/timer and its clock source (see Table 
4). 


The MPI pin available as the clock source is 
MPI a,c,e, and g only. 


Table 4. ACR[6:4] Operating Mode 


Counter 
Counter 
Counter 


MPI pin 

MPI pin divided by 16 
TxC-—1X clock of the 
transmitter 

Crystal or external 
clock (X1/CLK) 
divided by 16 

MPI pin 

MPI pin divided by 16 
Crystal or external 
clock (X1/CLK) 
Crystal or external 
clock (X1/CLK) 
divided by 16 


Counter 


Timer 
Timer 
Timer 


Timer 


ACR[3:0] - MPl1b, MPI0Ob, MPli1a, MPl0a 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register, ISR[7], to be 
set. If a bit is in the ‘on’ state, the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. If a bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] - MPI1b, MPIOb, MPli1a, MPi0a 
Change-of-State 

These bits are set when a change of state, as 
defined in the Input Port section of this data 
sheet, occurs at the respective pins. They are 
cleared when the IPCR is read by the CPU. A 
read of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to gen- 
erate an interrupt to the CPU. 


IPCR[3:0] - MPl1b, MPIOb, MPl1a, MPI0a 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the inputs pins at the 
time the IPCR is read. 
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ISR — Interrupt Status Register 
This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the interrupt mask register 
(IMR). If a bit in the ISR is a ‘1’ and the corre- 
sponding bit in the IMRis also a'1’, the INTRN 
output is asserted (Low). If the corresponding 
bit in the IMR is a zero, the state of the bit in the 
ISR has no effect on the INTRN output. Note 
that the IMR does not mask the reading of the 
ISR; the true status is provided regardless of 
the contents of the IMR. 


ISR[7] — MPI Change-of-State 

This bit is set when achange-of-state occurs at 
the MPI1b, MPIOb, MPI 1a, MPI0a input pins. It 
is reset when the CPU reads the IPCR. 


ISR[6] —- Channel b Change in Break 

This bit, when set, indicates that the receiver 
has detected the beginning or the end of a re- 
ceived break. It is reset when the CPU issues 
a reset break change interrupt command. 


ISR[5] - Receiver Ready or FIFO Full 
Channel b 

The function of this bit is programmed by 
MR 1[6}. If programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be read by the CPU. It 
is set when the character is transferred from the 
receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
set again after the FIFO is read. 


If programmed as FIFO full, it is set when a 
character is transferred from the receive hold- 
ing register to the receive FIFO and the transfer 
causes the FIFO to become full, i.e., all three 
FIFO positions are occupied. It is reset when 
FIFO is read and there is no character in the re- 
ceiver shift register. If there is a character wait- 
ing in the receive shift register because the 
FIFO is full, the bitis set again when the waiting 
character is transferred into the FIFO. 


ISR[4] — Transmitter Ready Channel b 
This bit is a duplicate of TxRDY (SR{[2)). 


ISR[3] —- Counter Ready 

In the counter mode of operation, this bit is set 
when the counter reaches terminal count and 
is reset when the counter is stopped by a stop 
counter commana. Itis initialized to ‘0’ when the 
chip is reset. 


In the timer mode, this bit is Setonce each cycle 
of the generated square wave (every other time 
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the C/T reaches zero count). The bit is reset by 
a stop counter command. The command, how- 
ever, does not stop the C/T. 


ISR[2] —- Channel a Change in Break 

This bit, when set, indicates that the receiver 
has detected the beginning or the end of a re- 
ceived break. It is reset when the CPU issues 
a reset break change interrupt command. 


ISR[1] — Receiver Ready or FIFO Full 
Channel a 

The function of this bit is programmed by 
MR 1[6]. If programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be ready by the CPU. 
Itis set when the character is transferred from 
the receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
set again after the FIFO is read. If programmed 
as FIFO full, itis set when a character is trans- 
ferred from the receive holding register to the 
receive FIFO and the transfer causes the FIFO 
to become full, i.e., all three FIFO positions are 
occupied. It is reset when FIFO is read and 
there is no character in the receiver shift regis- 
ter. If there is a character waiting in the receive 
shift register because the FIFO is full, the bit is 
set again when the waiting character is trans- 
ferred into the FIFO. 


ISR[0] - Transmitter Ready Channel a 
This bit is a duplicate of TxRDY (SR[2]). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR cause an interrupt output. If a bit 
in the ISR is a‘1' and the corresponding bit in 
the IMR is a ‘1’, the INTRN output is asserted 
(Low). If the corresponding bit in the IMR is a 
zero, the state of the bitin the ISR has no effect 
on the INTRN output. Note that the IMR does 
not mask reading of the ISR. 


CTUR and CTLR — Counter/Timer 
Registers 

The CTUR and CTLR hold the eight MSBs and 
eightLSBs, respectively, of the value to be used 
by the counter/timer in either the counter or tim- 
er modes of operation. The minimum value 
which may be loaded into the CTUR/CTLR reg- 
isters is H'0002'. Note that these reegisters are 
write-only and cannot be read by the CPU. 
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In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR or CTLR is 
changed, the current half-period will not be af- 
fected, but subsequenthalf-periods will be. The 
C/T will not be running until it receives an initial 
‘Start Counter’ command (read at adddress 
A3—A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a sub- 
sequent sttart counter command causes the C/ 
T to terminate the current timing cycle and to 
begin anewcycle using the values in the CTUR 
and CTLR. 


The counter ready status bit (ISR[3]) is set once 
each cycle of the square wave. The bit is reset 
by a stop counter command read with A3—A0 = 
H'F’). The command, however, does not stop 
the C/T. The generated square wave is output 
on MPO if it is programmed to be the C/T out- 
put. 


In the counter mode, the C/T counts down the 
number of pulses loadedin CTURand CTLRby 
the CPU. Ceunting begins upon receipt of a 
start counter comimand. Upon reaching the ter- 
minal count H‘0000’, the counter ready inter- 
rupt bit (ISR[3]) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If MPO is programmed to be the 
output of the C/T, the output remains High until 
the terminal count is reached, at which time it 
goes Low. The output returns to the High state 
and ISR[3] is cleared when the counter is 
stopped by a stop counter command. The CPU 
may change the values of CTUR and CTLR at 
any time, but the new count becomes effective 
only on the next start counter command. If new 
values have not been loaded, the previous val- 
ues are preserved and used for the next count 
cycle. 


In the counter mode, the current value of the up- 
per and lower eight bits of the counter (CTU, 
CTL) may be read by the CPU. It is recom- 
mended that the counter be stopped when 
reading to prevent potential problems which 
may occur if a carry from the lower eight bits to 
the upper eight bits occurs between the times 
that both halves of the counter is read. Howev- 
er, note that a subsequent start counter com- 
mand will cause the counter to begin a new 
count cycle using the values in CTUR and 
CTLR. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING 


Storage temperature range -€65 to +150 
Voltage from Voc to GND? 0.5 to +7.0 
Voltage from any pin to ground? —0.5 to Voc +0.5 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


lou 


LIMITS 


Flo | tow-leveloutputeurent SSCS 
Operating free air temperature range? 
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DC ELECTRICAL CHARACTERISTICS? -55°C < Ta < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 
Typ 


VoL Output Low voltage Voc = MIN, Io, = MAX 


Vou Output High voltage (except OD outputs) 


hie Input current Low, MPI and MPP pins Voc = MAX, Vin = 0 
liq Input current High, MPI and MPP pins Voc = MAX, Vin = Voc 
Input leakage current Voc = MAX, Vin = 0 to Voc 


Next X1/CLK input Low current Vec = Wee = GND, 
i Vin = Vec, X23 = open 
NHx1 X1/CLK input High current IN ee it p 


oz: 
lon 10 
loot 
oor Vin= Voo. Voc = MAX 


0.8Vcc 
0.9Vcc¢ 


Power supply current 
loc Operating mode 
[PowerdownmodeSCSC~idSCSSC“‘“‘*SCS 
NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and func- 


tional operation of the device at these or any other condition above those indicated in the operation section of this specification is not implied. 
For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 20ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced atinput voltages of Vi and Vj, as appropriate. 
Test condition for interrupt and MPP outputs: C, = 50pF, R, = 2.7kohms to Vcc. Test conditions for rest of outputs: C, = 150pF. 

Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. CEN and 
RDN (also CEN and WRN) are ANDedinternally. As a consequence, the signal asserted last initiates the cycle and the signal negated first termi- 
nates the cycle. 

If CEN is used as the ‘strobing’ input, the parameter defines the minimum high times between one CEN and the next. The RDN signal must be 
negated for tawp guarantee that any status register changes are valid. 

Consecutive write operations to the command register require at least three rising edges of the X1 clock between writes. 

This value is not tested, but is guaranteed by design. 


- ON 


On 


-~ 


9 @ 
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AC ELECTRICAL CHARACTERISTICS? § -55°C «< Ty < +125°C, 4.5V < Voc < 5.5V 


SYMBOL a PARAMETER 


Reset timing 


wes | 8 [Reseipusewan —SOSOSC~—SC—~—~—~—S*SCSC—C—~—sSsSsSs—ssssC OT SSCdYSCCdSC 


Bus timing® 


LIMITS 


(nd 
p 


A 


MPI or MPP input setup time before RDN Low 
MPI or MPP input hold time after RDN High 


MPO output valid from 
WRN High 
RDN Low 


10 
225 
100 

10 


a 
= 


ee nn 


tawo® 
MPI and MPO timing® 


nog 


a ” 


NM P 
On O11 
oo 


Interrupt timing 


INTRN negated or MPP output High from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY, TxEMT interrupt) 
Reset,command (break change interrupt) 


Reset command (MPI change interrupt) 
Stop C/T command (counter interrupt) 
Write IMR (clear of interrupt mask bit) 


Clock timing 
teLk 


foLk 
tctc 


fotc 


3.6864 4.0 mHz 


120 
2.0 
120 


S 
; 


mHz 


trx 


=) 
n 


RxC frequency (16X) 09 mHz 

RxC frequency (1X) 09 mHz 
' TxC frequency (16X) 09 2.0 mHz 
TX TxC frequency (1X) 09 1.0 mHz 
Transmitter timing 


Receiver timing 


taxs 


RxD data setup time to RxC high 50 
RxD data hold time from RxC high 100 


tRxH 
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INTRAN-—INTRDN, 


MPP1a—MPP%4h, a +5V 
MPP2a—MPP2h, SOpF 


DO-D7, 
TxDa~—TxDh, 
MPOa—MPOh 


Figure 2. Test Conditions on Outputs 


Figure 3. Reset Timing 


tas taH 
CEN 
tcs ten 

trw trwp 

RDN 

tor 
sitios FLOAT 
(READ) VAUD 4 FLOAT 

trwo 

WRN 

tos tou 


DO-D7 ware 
(WRITE) 


Figure 4. Bus Timing 
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(a) INPUT PINS 


OLD DATA 


< NEW DATA 


(b) OUTPUT PINS 


Figure 5. Port Timing 


INTERRUPT! 
OUTPUT 


RON 


INTERRUPT! VoL +0.5V 
OUTPUT ieeeer decors Ae. 

NOTES: 

1. INTRN OR MPO WHEN USED AS INTERRUPT OUTPUTS. 

2. THE TEST FOR OPEN DRAIN OUTPUTS IS INTENDED TO GUARANTEE SWITCHING OF THE OUTPUT TRANSISTOR. MEASUREMENT OF THIS RESPONSE IS 

REFERENCED FROM THE MIDPOINT OF THE SWITCHING SIGNAL, Vy, TO A POINT 0.5V ABOVE Vo,. THIS POINT REPRESENTS NOISE MARGIN THAT AS- 


SURES TRUE SWITCHING HAS OCCURRED. BEYOND THIS LEVEL, THE EFFECTS OF EXTERNAL CIRCUITRY AND TEST ENVIRONMENT ARE PRONOUNCED 
AND CAN GREATLY AFFECT THE RESULTANT MEASUREMENT. 


Figure 6. Interrupt Timing 
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+5V 
X1/CLK 1K 
CTCLK 
RxC x1 
TxC 
NC x2 


C1 = C2 = 24pF FOR C, = 20pF 


3.6864MHz 


TYPICAL CRYSTAL SPECIFICATION 


Frequency 2 -— 4MHz 
Load capcitance (CL) | 12 - 32pF 
Type of operation Parallel resonant, fundamental mode 


Figure 7. Clock Timing 


1BIT TIME 
(1 OR 16 CLOCKS) 


TxC 
(INPUT) 


TxD 


TxC 
(1X OUTPUT) 


Figure 8. Transmit Timing 
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RxC 
(1X INPUT) 


Figure 9. Receive Timing 


TRANS- 
MITTER 
ENABLED vA 


D3 D5 WILL 
NOT BE 
TRANSMITTED 


CR[7:4] = 1010 CR[7:4] = 1010 


NOTES: 
1. TIMING SHOWN FOR MR2[4] = 1. 
2. TIMING SHOWN FOR MR2{5} = 1. 


Figure 10. Transmitter Timing 
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RxD 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


FFULL 
(SR1) 


RxRDY/ 
FFULL 
MPO2 


RDN S = STATUS 
D = DATA 


D5 WILL 
OVERRUN BE LOST RESET BY 
(SR4) COMMAND 


RTs! 
MPO 


MPO = 1 (CR[7:4] = 1010) 


NOTES; 
1. TIMING SHOWN FOR MRij[7]. 
2. SHOWN FOR ACR[2)] = 111 AND MR1[6] = 0. 
Figure 11. Receiver Timing 


MASTER STATION BIT 9 BIT 9 BIT 9 


TRANSMITTER 
ENABLED | | 


TxRDY ——— 
(SR2) 


CSN Q 


(WRITE] 


MR1[4:3] = 11 ADD#1 MR1[2]=0 DO MRi[2] = 1 ADD#2 
MR1[2] = 1 


PERIPHERAL STATION 
BIT 9 BIT 9 BIT 9 BIT 9 BIT 9 


| 
RECEIVER 
ENABLED | | | | 
| | 
RxRDY 
(SRO) 


Beng en 
RDN/WRN 
S = STATUS 
MR1[4:3] = 11 ADD#1 Ss p D = DATA S$ D 


Figure 12. Wake-Up Mode 
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DESCRIPTION 

The Signetics Dual Universal Serial Com- 
munications Controller (DUSCC) is a 
single-chip MOS-LSI communications de- 
vice that provides two independent, multi- 
protocol, full-duplex receiverAransmitter 
channels in a single package. It supports 
bit-oriented (byte count and byte control) 
synchronous protocols. The 68562 inter- 
faces to the 68000 MPU viaasynchronous 
bus control signals and is capable of pro- 
gram-polled, interrupt-driven, block-move 
or DMA data transfers. 


The operating mode and data format of 
each channel can be programmed inde- 
pendently. Each channel consists of a re- 
ceiver, atransmitter, a 16-bit multifunction 
counterftimer, a Digital Phase-Locked 
Loop (DPLL), a parity/CRC generator and 
checker, and associated control circuits. 
The two channels share a common Bit 
Rate Generator (BRG), operating directly 
from a crystal or an external clock, which 
provides sixteen common bit rates simul- 
taneously. The operating rate for the re- 
ceiver and transmitter of each channel 
can be independently selected from the 
BRG, the DPLL, the counter/timer, or from 
an external 1X or 16X clock, making the 
DUSCC well suited for dual-speed chan- 
nel applications. Data rates up to 4Mbits 
are supported. 


The transmitter and receiver each contain 
afour-deep FIFO with appended transmit- 
ter command and receiver status bits and 
a shift register. This permits reading and 
writing of up to four characters at a time, 
minimizing the potential of receiver over- 
run or transmitter underrun, and reducing 
interrupt or DMA overhead. In addition, a 
flow control capability is provided to dis- 
able a remote transmitter when the FIFO 
of the local receiving device is full. 
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Product Specification 


PIN CONFIGURATION 


A3 
A2 


Al 


RT xDAKBN/ 
GPI1BN 


IRQN 


RESETN 


RTSBN/ 
SYNOUTBN 


TRxCB 


RTxCB 


DCDBN/ 
SYNIBN 


RxDB 


TxDB 


TxDAKBN/ 
GPI2BN 
RTxDRQBN 
GPO1BN 
TxDRQBN/ 
GPO2BN/RTSBN 


CTSBN/LCBN 
D7 

D6 

DS 

D4 

DTACKN 
DTCN 

GND 


TOP VIEW 


Two modem control inputs (DCD and 
CTS) and three modem control outputs 
(RTS and two general purpose) are pro- 
vided. Because the modem control inputs 
and outputs are general purpose in na- 
ture, they can be optionally programmed 
for other functions. 
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A4 
AS 


A6 


RTxDAKAN/ 
GPI1AN 


X1/CLK 


X2/IDCN 


RTSAN/ 
SYNOUTAN 


TRxCA 


RTxCA 


DCDAN/ 
SYNIAN 


RxDA 


TxDA 


TxDAKAN/ 
GPI2AN 
RTxDRQAN/ 
GPO1AN 
TxDORQAN/ 
GPO2AN/RTSAN 


CTSAN/LCAN 
DO 
D1 
D2 
D3 


CD05095S 


ORDERING INFORMATION 


PACKAGES ORDER CODE 
48-Pin Ceramic DIP 68562/BXA 
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FEATURES 


General Features 


© Dual full-duplex synchronous/asynchro- 
nous receiver and transmitter 


® Multiprotocol operation 


- BOP: HDLC/ADCCP, SDLC, SDLC 
loop, X.25 or X.75 link level, etc. 


— COP: BISYNC, DDCMP 
— ASYNC: 5 -8 bits plus optional parity 


® Four character receiver and transmitter 
FIFOs 


® 0 to 4MHz data rate 


© Programmable bit rate for each receiver 
and transmitter selectable from: 


— 16 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived from 
programmable counter/timer 


— External 1X or 16X clock 
— Digital phase-locked loop 


© Parity and FCS (Frame Check Sequence 
LRC or CRC) generation and checking 


® Programmable data encoding/decoding: 
NRZ, NRZI, FM, FM1, Manchester 


® Programmable channel mode: full- 
half-duplex, auto-echo, or local loop- 
back 


©@ Programmable data transfer mode: 
polled, interrupt, DMA, wait 

® DMA interface 
— Half- or full-duplex operation 
— Single or dual address data transfers 


— Automatic frame termination on coun- 
ter/timer terminal count or DMA 
DONE 


® Interrupt capabilities 
- Daisy chain option 
— Vector output (fixed or modified by 
status) 
— Programmable internal priorities 
— Maskable interrupt conditions 
— 68000 compatible 


® Multifunction programmable 16-bit 
counter/timer 


— Bit rate generator 
— Event counter 


— Count received or transmitted char- 
acters 
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— Delay generator 
— Automatic bit length measurement 


® Modem controls 


- RTS, CTS, DCD, and up to four gener- 
al purpose I/O pins per channel 


— CTS and DCD programmable autoen- 
ables for Tx and Rx 


— Programmable interrupt on change of 
CTS or DCD 


® On-chip oscillator for crystal 
© TTL compatible 
® Single +5V power supply 


Asynchronous Mode Features 
® Character length: 5 to 8 bits 


® Odd or even parity, no parity, or force 
parity 


© Up to two stop bits programmable in 
1/16-bit increments 


@ 1X or 16X Rx and Tx clock factors 


® Parity, overrun, and framing error detec- 
tion 


-® False start bit detection 


© Start bit search 1/2 bit time after framing 
error detection 


© Break generation with handshake for 
counting break characters 


® Detection of start and end of received 
break 


© Character compare with optional inter- 
rupt on match 


© Transmit up to 4Mbps and receive up to 
2Mbps data rates 


Character-Oriented Protocol 
Features 


® Character length: 5 to 8 bits 


® Odd or even parity, no parity, or force 
parity 


® LRC or CRC generation and checking 
® Optional opening PAD transmission 
® One or two SYN characters 

® External sync capability 


@ SYN detection and optional stripping 
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® SYN or MARK linefill on underrun 
® Idle in MARK or SYNs 


© Parity, FCS, overrun, and underrun error 
detection 


® BISYNC Features 


— EBCDIC or ASCIl header, test and 
control messages 


— SYN, DLE stripping 


— EOM (End Of Message) detection and 
transmission 


— Auto transparency mode switching 


— Auto hunt after receipt of EOM se- 
quence (with closing PAD check after 
EOT or NAK) 


— Control character sequence detection 
for both transparent and normal text 


Bit-Oriented Protocol Features 
® Character length: 5 to 8 bits 


® Detection and transmission of residual 
character: 0 — 7 bits 


® Automatic switch to programmed char- 
acter length for 1 field 


® Zero insertion and deletion 
® Optional opening PAD transmission 


® Detection and generation of FLAG, 
ABORT, and IDLE bit patterns 


® Detection and generation of shared 
(single) FLAG between frames 


® Detection of overlapping (shared zero) 
FLAGs 


® ABORT, ABORT-FLAGs, or FCS-FLAGs 
line fill on underrun 


@ |die in MARK or FLAGs 


® Secondary address recognition includ- 
ing group and global address 


® Single- or dual-octet secondary address 
®@ Extended address and control fields 
© Short frame rejection for receiver 


® Detection and notification of received 
end of message 


® CRC generation and checking 


® SDLC loop mode capability 
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BLOCK DIAGRAM 


TRxCA/B 
RTxCA/B 
RTSBN/S YNOUTBN 


SPECIAL 
RTSAN/SYNOUTAN FUNCTION 


CTSA/BN PINS 
DCDBN/SYNIBN 
OCDAN/SYNIAN 


INTERRUPT 


X1/CLK 
X2/IDCN 


8D01615S 
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PIN DESCRIPTION 


In this data sheet, signals are discussed using the terms ‘active’ and ‘inactive’ or ‘asserted’ and ‘negated’ independent of whether the signal is active 
in the High (logic 1) or Low (logic 0) state. N at the end of a pin name signifies the signal associated with the pin is active-Low (see individual pin 
description for the definition of the active level of each signal.) Pins which are provided for both channels are designated by A/B after the name of 
the pin and the active-Low state indicator, N, if applicable. A similar method is used for registers provided for both channels: these are designated 
by either an underline or by A/B after the name. 


DIP 
MNEMONIC PIN NO. NAME AND FUNCTION 
A1—A6 4-2, Address Lines: Active-High. Address inputs which specify which of the internal registers 
45-47 is accessed for read/write operation. 


Bidirectional Data Bus: Active High, 3-State. Bit 0 is the LSB and bit 7 is the MSB. All 
data, command, and status transfers between the CPU and the DUSCC take place over 
this bus. The data bus is enabled when CSN is Low, during interrupt acknowledge cycles 
and single-address DMA acknowledge cycles. 


R/WN Read/Write: A High input indicates a read cycle and a Low input indicates a write cycle 


when a cycle is initiated by assertion of the CSN input. 


CSN Chip Select: Active-Low input. When Low, data transfers between the CPU and the 
DUSCC are enabled on DO — D7 as controlled by the R/WN and A1 — A6 inputs. When 
CSN is High, the DUSCC is isolated from the data bus (except during interrupt acknowl- 
edge cycles and single-address DMA transfers) and DO — D7 are placed in the 3-State 


Master Reset: Active-Low. A low on this pin resets the transmitters and receivers and 
resets the registers shown in Table 1. Reset in asynchronous, i.e., no clock is required. 


condition. 

DTACKN Data Transfer Acknowledge: Active-Low, 3-State. DTACKN is asserted on a write cycle 
to indicate that the data on the bus has been latched, and on a read cycle or interrupt ac- 
knowledge cycle to indicate valid data is on the bus. The signal is negated when comple- 
tion of the cycle is indicated by negation of the CSN or IACKN input, and returns to the 
inactive state (3-State) a short period after itis negated. In a single address DMA mode, 
data is latched with the falling edge of DTICN. DTACKN is negated when completion of the 
cycle is indicated by the assertion of DTCN or negation of DMA acknowledge inputs (whi- 
chever occurs first), and returns to the inactive state (3-State) a short period after it is ne- 
gated. When negated, DTACKN becomes an open-drain output and requires an external 
pull-up resistor. 

IACKN 1 Interrupt Acknowledge: Active-Low. When IACKN is asserted, the DUSCC responds by 
placing the contents of the interrupt vector register (modified or unmodified by status) on 
the data bus and asserting DTACKN. If no active interrupt is pending, DTACKN is not 
asserted. 

X1/CLK Crystal or External Clock: When using the crystal oscillator, the crystal is connected 
input. This clock is used to drive the internal bit rate generator, as an optional input to the 
counter/timer or DPLL, and to provide other required clocking signals. 
clock is used on X1 and X2, is not used as an interrupt daisy chain output. 

RESETN 

RxDA, RxDB 37, 12 
external receiver clock is specified for the channel, the input is sarnpled on the rising edge 
of the clock. 

RTxCA, RTxCB 39, 10 Channel A (B) Receiver/Transmitter Clock: As an input, it can be programmed to supply 
the receiver, transmitter, counter/timer, or DPLL clock. As an output, can supply the coun- 
maximum external receiver/transmitter clock frequency is 4MHz. 
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IRQN Interrupt Request: Active-Low, open-drain. This output is asserted upon occurrence of 
any enabled interrupting condition. The CPU can read the general status register to deter- 
mine the interrupting condition(s), or can respond with an interrupt acknowledge cycle to 
cause the DUSCC to output an interrupt vector on the data bus. 

a between pins X1 and X2. If acrystal is not used, and external clock is supplied at this 

X2/IDCN Crystal or Interrupt Daisy Chain: When a crystal is used as the timing source, the crys- 
tal is connected between pins X1 and X2. This pin can be programmed to provide and 
interrupt daisy chain active-Low output which propagates the IACKN signal to lower priority 
devices, if no active interrupt is pending. This pin should be grounded when an external 

ana Channel A (B) Receiver Serial Data Input: The least significant bit is received first. If 

TxDA, TxDB 36, 13 Channel A (B) Transmitter Serial Data Output: The least signifiicant bit is transmitted 
first. This output is held in the marking (High) condition when the transmitter is disabled or 
when the channel is operating in local loopback mode. If external transmitter clock is spe- 
cified for the channel, the data is shifted on the falling edge of the clock. 

i ter/timer output, the transmitter shift clock (1X), or the receiver sampling clock (1X). The 
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PIN ———si (Continued) 


NAME AND FUNCTION 


Channel A (B) Transmitter/Receiver Clock: As an input, it can supply the receiver, 
transmitter, counter/timer, or DPLL clock. As an output, it can supply the counter/timer 
output, the DPLL output, the transmitter shift clock (1X), the receiver sampling clock (1X), 
the transmitter BRG clock (16X), The receiver BRG clock (16X), or the internal system 
clock (X1/2). The maximum external receiver/transmitter clock frequency is 4MHz. 


Channel A (B) Clear-To-Send Input or Loop Control Output: Active-Low. The signal 
can be programmed to act as an enable for the transmitter when not in loop mode. The 
DUSCC detects logic level transitions on this input and can be programmed to generate an 
interrupt when a transition occurs. When operating in the COP loop mode, this pin be- 
comes a loop control output which is asserted and negated by DUSCC commands. This 
output provides the means of controlling external loop interface hardware to go on-line and 
off-line without disturbing operation of the loop. 


DCDA/BN, 
SYNIA/BN 


Channel A (B) Data Carrier Detected or External Sync Input: The function of this pin is 
programmable. As a DCD active-Low input, it acts as an enable for the receiver or can be 
used as a general purpose input for the DCD function, the DUSCC detects logic level 
transitions on this input and can be programmed to generate an interrupt when a transition 
occurs. As an active-Low external sync input, it is used in COP modes to obtain character 
synchronization without receipt of a SYN character. This mode can be used in disc or 
tape controller applications or for the optional byte timing lead in X.21. 


RTxDRQA/BN, 
GPO1A/BN 


Channel A (B) Receiver/Transmitter DMA Service Request or General Purpose 
Output: Active-Low. For half-duplex DMA operation, this output indicates to the DMA 
controller that one or more characters are available in the receiver FIFO (when the receiver 
is enabled) or that the transmit FIFO is not full (when the transmitter is enabled). For 
full-duplex DMA operation, this output indicates to the DMA controller that data is available 
in the receiver FIFO. In non-DMA mode, this pin is a general purpose output that can be 
asserted and negated under program control. 


TxDRQA/BN, 
GPO2A/BN, 
RTSA/BN 


Channel A (B) Transmitter DMA Service Request, General Purpose Output, or Re- 
quest-to-Send: Active-Low. For full-duplex DMA operation, this output indicates to the 
DMA controller that the transmit FIFO is not full and can accept more data. When not in 
full-duplex DMA mode, this pin can be programmed as a general purpose or a Request-to 
-Send output, which can be asserted and negated under program control (see Detailed 
Operation). 


RTxDAKA/BN, Channel A (B) Receiver/Transmitter DMA Acknowledge or General Purpose Input: 
GPI1A/BN Active-Low. For half-duplex single address DMA operation, this input indicates to the 

DUSCC that the DMA controller has acquired the bus and that the requested bus cycle 
(read receiver FIFO or load transmitter FIFO) is beginning. For full-duplex single address 

DMA operation, this input indicates to the DUSCC that the DMA controller has acquired the 
bus and that the requested read receiver FIFO bus cycle is beginning. Because the state 
of this input can be read under program control, it can be used as a general purpose input 
when not in single address DMA mode. 


TxDAKA/BN, ; Channel'A (B) Transmitter DMA Acknowledge or General Purpose Input: Active-Low. 
GP 12A/BN When the channel is programmed for full-duplex single address DMA operation, this input 
is asserted to indicate to the DUSCC that the DMA controller has acquired the bus and that 
the requested load transmitter FIFO bus cycle is beginning. Because the state of this input 
can be read under program control, it can be used as a general purpose input when not in 
full-duplex single address DMA mode. 


Device Transfer Complete: Active-Low. DTCN is asserted by the DMA controller to indi- 
cate that the requested data transfer is complete. 


Done: Active-Low, open-drain. See Detailed Operation for a description of the function of 
this pin. 


RTSA/BN, 
SYNOUTA/BN 


Channel A (B) Sync Detect or Request-to-Send: Active-Low. If programmed as a sync 
output, it is asserted one bit time after the specified sync character (COP or BISYNC 
modes) or a FLAG (BOP modes) is detected by the receiver. As a Request-to-Send mo- 
dem control signal, it functions as described previously for the TxXDRQN/RTSN pin. 


+5V + 10% power input. 
Signal and power ground input. 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Max Power Dissipation 1.8 


Storage Temperature range -65 to +150 


ae All voltages with respect to ground? -0.5 to 7.0 


el-fe 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


[Mec | Supply voltage 


High level input voltage 
All except X1 and CLK 
X1 and CLK 


LIMITS 


UNITS 


Vin 
2.0 


Input current High 


Operating free-air temperature range 


Vec 
Vit Low level input voltage 
All except X1 and CLK 
X1 and CLK 
as 


DC CHARACTERISTICS T, = -55 to +110°C, Voc = 5.0V + 10% 


SYMBOL PARAMETER TEST CONDITIONS®: 5: 6 LIMITS UNIT 
Vo Output Low voltage Voc = 4.5V 0.5 V 
All except DONEN & IRQN lo. = 5.8mA 
Vor Output Low voltage Voc = 4.5V 05 Vv 
DONEN & IRQN lo. = 8.8mMA 
Vou Output High voltage Voc = 4.5V 24 V 
All except DONEN & IRQN lon = -400L1A 
Open-drain output leakage current Vcc = 5.5V 10 LA 
(DONEN & IRQN) Vo = OV to Voc 
loz 3-State output leakage current Vo = OV to Voc 10 LA 
Veo =5.5V 
xa X1/CLK Low input current Veco = 5.5V" 
Vin = OV, X2 floated mA 
Vin = OV, X2 grounded mA 
IXtH X1/CLK High input current Vec = 5.5V" 
Vin = Voc, X2 floated 36.0 mA 
Vin = Voc, X2 grounded 1.0 mA 
Ixau X2 Low input current Voc = 5.5V" LA 
Vin = OV, X1/CLK floated 
IXoH X2 High input current Veco = 5.5V" 100 LA 
Vin = Voc, X1/CLK floated 
NH Input leakage current Vec = 5.5V 10 LA 
Vin) SS 
ne Input Low current -100 LA 
All except DTCN, RTxDAKA/B, 
TxDAKA/B 
le Input Low current remaining Vec = 5.5V -10 LLA 
input pins Vin = OV 
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AC ELECTRICAL CHARACTERISTICS T, = -55 to +110°c, Veg = 5V + 10%4+5.67 


a PARAMETER 


RESETN pulse width 


Ai - A6 set-up time to CSN Low 

A1 - A6 hold time from CSN High 

RWN set-up time to CSN Low 

RWN hold time to CSN High 

CSN High pulse width’ 

CSN or IACKN High from DTACKN Low 
IACKN High to DTACKN High 

Data valid from CSN or IACKN Low 
Data bus floating from CSN High'® 
Data hold time from DTACKN Low® 
DTACKN Low from read data ready 
DTACKN Low from CSN Low 

CSN Low to write data valid 

DTACKN High from CSN High 

DTACKN high impedance from CSN High 
DTACKN Low from IACKN Low 


GPI input set-up time to CSN Low 
GPI input hold time from CSN Low 
GPO output valid from DTACKN Low 


iE 


IRQN High from: 

Read RxFIFO (RxRDY interrupt) 

Write TxFIFO (TxRDY interrupt) '2 

Write RSR (Rx condition interrupt) '2 
Write TRSR (Rx/Tx interrupt) '@ 

Write ICTSR (port change and CT int.)'2 


X1/CLK High or Low time 
X1/CLK frequency 

CTCLK High or Low time 
CTCLK frequency 

RxC High or Low time 

RxC frequency (16X or 1X)'9 
TxC High or Low time 

TxC frequency (16X or 1X) 


TxD output from TxC input Low (1X) 
(16X) 
TxD output from TxC output Low 


RxD data set-up time to RxC High 
RxD data hold time from RxC id 


Data valid from receive DMA ACKN 

DTCN width 

RDYN Low to DTCN Low 

Data bus float from DTCN Low’? 

DMA ACKN Low to RDYN (DTACKN) Low 
RDYN High from DTCN Low 

RDYN High impedance from DTCN Low 
Receive DMA REQN High from DMA ACKN Low 
Receive DMA ACKN width 

Receive DMA ACKN Low to DONEN Low 

Data set-up to DTCN Low 

Data hold from DTCN Low? 

Transmit DMA REQN High from ACKN Low 
Transmit DMA ACKN width 

Transmit DMA ACKN Low to DONEN Low output 
DTCN Low DONEN output High 


CSN Low to transmit DONEN Low output 
CSN Low to transmit DMA REQ negated 
CSN Low to receive DONEN Low 

CSN Low to receive DMA REQ negated 
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ee 
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operation section of this specification is not 
implied. 


2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature and thermal resis- 
tance of 35°C/W junction to ambient. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than thie rated maxima. 

4. Parameters are valid over specified temperature range. 

5. All voltage measurements are referenced to ground (GND). For D.C. and functional testing, all inputs except X1/CLK swing between 0.4V 
and 2.4V with a transition time of 20ns maximum. For X1/CLK, this swing is between 0.4V and 4.4V All time measurements are referenced 
at input voltages of 0.2V and 2.4V for all inputs. Output levels are referenced at 1.5V. 

6. Test conditions for outputs: C, = 150pF, except open-drain outputs. Test condition for open-drain outputs: C, = 50pF to GND, R, = 2.7kQ. to 
Voc except DTACKN whose RL - 820Q to Vcc and C, = 150pF to GND and DONEN which requires C, = 50pF to GND and RL = 1kQ to 
Voc. 

7. This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus cycles are not performed. 

8. Execution of the valid command (after it is latched) requires three falling edges of X1 (see Figure 14). 

9. In single address DMA mode write operation, data is latched by the falling edge of DTCN. 


10. These values were not explicitly tested, they are guaranteed by design and characterization data. 
11. X1/CLK and X2 are not tested with a crystal installed. 

12. These timings are from the falling edge of DTACKN (not CSN rising). 

13. X1/CLK frequency must be atleast four times the receiver serial data rate. 
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REGISTERS 

The addressable registers of the DUSCC are 
shown in Table 1. The following rules apply to 
all registers: 


3. A read from a reserved location in the 
map results in a read from the ‘null regis- 
ter’. The null register returns all ones for 
data and results in a normal bus cycle. A 
write to one of these locations results in a 
normal bus cycle without a write being 
performed. 


- 


Unused bits of a defined register are read 
as zeros, unless ones have been loaded 
after master reset. 


oa] 


. Bits that are unused in the chosen mode 
but are used in others are readable and 
writable but their contents are ignored in 
the chosen mode. 


cop) 


. All registers are addressable as 8-bit 
quantities. To facilitate operation with the 
68000 MOVEP instruction, addresses are 
ordered such that certain sets of registers 
may also be accessed as words or long 
words. 


The operation of the DUSCC is programmmed 
by writing control words into the appropriate re- 
gisters. Operational feedback is provided via 
status registers which can be read by the CPU. 
The contents of certain control registers are ini- 
tialized on RESET. Care should be exercised 
if the contents of a register are changed during 
operation, since certain changes may cause 
Operational problems, e.g., changing the chan- 
nel mode at an inappropriate time may cause 
the reception or transmission of an incorrect 
character. In general, the contents of registers 
which control transmitter or receiver operation, 
or the counter/timer, should be changed only 
when they are not enabled. 


The DUSCC registers can be separated into 
five groups to facilitate their usage: 


1. Channel mode configuration and pin de- 
scription registers. 


nN 


Transmitter and receiver parameter and 
timing registers. 


3. Counter/timer control and value registers. 
4. Interrupt control and status registers. 
5. Command register. 


This arrangement is used in the following de- 
scription of the DUSCC registers. 


Channel Mode Configuration and 


Pin Description Registers 

There are five registers in this group for each 
channel. The bit format for each of these regis- 
ters is contained in Table 2. The primary func- 
tion of these registers is to define configuration 
of the channels and the function of the program- 


February 22, 1989 


mable pins. A channel cannot be dynamically 
reconfigured. Do not write to CMR1 or CMR2 
if the receiver or transmitter is enabled. 


Channel Mode Register 1 
(CMR1A, CMR1B) 


[7:6] Data Encoding — These bits select the 
data encoding for the received and transmitted 
data: 


00 If the DPLL is set to NRZI mode (see 
DPLL commands), it selects positive 
logic (1 = High, 0 = Low). If the DPLL 
is set to FM mode (see DPLL com- 
mands), Manchester (bi-phase level) 
encoding is selected. 


01 NRZI. Non-return-to-zero inverted. 
10 FMO. Bi-phase space. 

11 FM1. Bi-phase mark. 

[5] Extended Control (BOP) — 

0 No. A one-octet control field follows 


the address field. 


1 Yes. A two-octet control field follows 
the address field. 


[5] Parity (COP/ASYNC), Code Select 
(BISYNC) — 


0 Even parity if with parity is selected by 
[4:3] or a 0 in the parity bit position if 
force parity is selected by [4:3]. In BI- 
SYNC protocol mode, internal char- 
acter comparisons are made using 
EBCDIC coding. 


1 Odd parity if with parity is selected by 
[4:3] or a 1 in the parity bit position if 
force parity is selected by [4:3]. In BI- 
SYNC protocol mode, internal char- 
acter comparisons are made using 
7-bit plus odd parity ASCII coding. 
(Note: The receiver should be pro- 
grammed for 7-bit characters, 
RPR[1:0] = 11, with no parity, 
CMR1[4:3] = 00.) 


[4:3] Address Mode (BOP) — This field con- 
trols whether a single octet or multiple octets 
follow the opening FLAG(s) for both the receiv- 
erand the transmitter. This field is activated by 
selection of BOP secondary mode through the 
channel protocol mode bits CMR1[2:0] (see 
Detailed Operation). 


00 Single-octet address. 

01 Extended address. 

10 Dual-octet address. 

1 Dual-octet address with group. 


[4:3] Pairty Mode (COP/ASYNC) — This field 
selects the parity mode for both the receiver 
and the transmitter. A parity bit is added to the 
programed character length if with parity or 
force parity is selected: 
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00 No pairty. Required when BISYNC 
protocol mode is programmed. 


01 Reserved. 

10 With parity. Odd or even parity is se- 
lected by [5]. 

11 Force parity. The parity bit is forced to 


the state selected by [5]. 


[2:0] Channel Protocol Mode — This field se- 
lects the operational protocol and submode for 
both the receiver and transmitter: 


000 BOP Primary. No address compari- 
son is performed. For receive, all 
characters received after the opening 


FLAG(s) are transferred to the FIFO. 


BOP Secondary. This mode acti- 
vates the address modes selected by 
[4:3]. Except in the case of extended 
address ([4:3] = 01), and address 
comparison is performed to deter- 
mine if a frame should be received. 
Refer to Detailed Operation for details 
of the various addressing modes. Ifa 
valid comparison occurs, the receiver 
is activated and the address octets 
and all subsequent received charac- 
ters of the frame are transferred to the 
receive FIFO. 


BOP Loop. The DUSCC acts as a 
secondary station in a loop. The 
GO-ON-LOOP and GO-OFF-LOOP 
commands are used to cause the 
DUSCC to go on and off the loop. 
Normally, the TxD output echos the 
RxD input with a two-bit time delay. If 
the transmitter is enabled and the ‘go 
active on poll’ command has been as- 
serted, the transmitter will begin 
sending when an EOP sequence con- 
sisting of a zero followed by seven 
ones is detected. The DUSCC 
changes the last one of the EOP to 
zero, making it another FLAG, and 
then operates as described in the De- 
tailed Operation section. The loop 
sending status bit (TRSR[6]_ is as- 
serted concurrent with the beginning 
of transmission. The frame should 
normally be terminated with an EOM 
followed by an echo of the marking 
RxD line so that secondary stations 
further down the loop can append 
their messages to the messages from 
up-loop stations by the same process. 
If the ‘go active on poll’ command is 
not asserted, the transmitter remains 
inactive (other than echoing the re- 
ceived data) even when the EOP se- 
quence is received. 


001 


010 


011 BOP Loop without address compari- 
son. Same as normal loop mode ex- 
cept that address field comparisons 
are disabled. All received frames are 
transmitted to the CPU. 
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Table 1. 


NOTES: 


CMR1 
CMR2 
S1R 
S2R 
TPR 
TTR 
RPR 
RTR 
CTPRH 
CTPRL 
CTCR 
OMR 
CTH 
CTL 
PCR 
CCR 
TxFIFO 
RxFIFO 
RSR 
TRSR 
ICTSR 
GSR 
IER 


IVR 
IVRM 
ICR 


* c=0 for Channel A, c = 1 for Channel B. 
d = don't care — register may be accessed as either channel. 
x = don't care — FIFOs are addressable at any of four adjacent addresses to allow them to be addressed as byte/word/long word with the 


68000 MOVEP instruction. 


DUSCC Register Address Map 


ADDRESS BITS* 
654321 ACRONYM 


REGSITER NAME 


Channel Mode Register 1 

Channel Mode Register 2 

SYN 1/Secondary Address 1 Register 
SYN 2/Secondary Address 2 Register 
Transmitter Parameter Register 
Transmitter Timing Register 

Receiver Parameter Register 

Receiver Timing Register 
Counter/Timer Preset Register High 
Counter/Timer Preset Register Low 
Counter/Timer Control Register 
Output and Miscellaneous Register 
Counter/Timer High 

Counter/Timer Low 

Pin Configuration Register 

Channel Command Register 
Transmitter FIFO 

Receiver FIFO 

Receiver Status Register 

Transmitter and Receiver Status Register 
Input and Counter/Timer Status Register 
General Status Register 

Interrupt Enable Register 

Not used 

Interrupt Vector Register— Unmodified 
Interrupt Vector Register— Modified 
Interrupt Control Register 

Not used 


** Awrite to this register may perform a status resetting operation. 


100 


101 


110 


11 


COP Dual SYN. Character sync is 
achieved upon receipt of a bit se- 
quence matching the contents of the 
appropriate bits of S1R and S2R 
(SYN1-SYN2), including parity bits if 
any. 


COP Dual SYN (BISYNC). Character 
sync is achieved upon receipt of a bit 
sequence matching the contents of 
the appropriate bits of S1R and S2R 
(SYN1-SYN2). In this mode, special 
transmitter and receive logic is acti- 
vated. Transmitter and receiver char- 
acter length must be programmed to 
8 bits and no parity (see Detailed Op- 
eration). 


COP Single SYN. Character sync is 
achieved upon receipt of a bit se- 
quence matching the contents of the 
appropriate bits of SiR (SYN1), in- 
cluding parity bit if any. This mode is 
required when the external sync 
mode is selected (see description of 
RPR[4], BOP/COP). 


Asynchronous. Start/stop format. 
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Channel Mode Register 2 
(CMR2A, CMR2B) 


[7:6] Channel Connection — This field se- 
lects the mode of operation of the channel. The 
user must exercise care when switching into 
and out of the various modes. The selected 
mode will be activated immediately upon mode 
selection, even if this occurs in the middle ofa 
received or transmitted character. 


00 Normal mode. The transmitter and 
receiver operate independently in ei- 
ther half- or full-duplex, controlled by 
the respective enable commands. 

01 Automatic echo mode. Automatically 
retransmits the received data with a 
half-bit time delay (ASYNC, 16X clock 
mode) or a two-bit time delay (all other 
modes). The following conditions are 
true while in automatic echo mode: 
1. Received data is reclocked and 

retransmitted on the TxD output. 


2. The receiver clock is used for the 
transmitter for ASYNC 16X clock 
mode. For other modes the 
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10 


transmitter clock must be 
supplied. 

3. The receiver must be enabled, 
but the transmitter need not be 
enabled. 


4. The TxRDY and underrun status 
bits are inactive. 


5. The received parity and/or FCS 
are checked if required, but are 
not regenerated for transmission, 
i.e., transmitted parity and/or 
FCS are as received. 


6. In ASYNC mode, character fram- 
ing is checked, but the stop bits 
are retransmitted as received. A 
received break is echoed as re- 
ceived. 


7. CPU to receiver communication 


continues normally, but the CPU 
to transmitter link is disabled. 


Local loopback mode. In this mode: 

1. The transmitter data output and 
clock are internally connected to 
the receiver. 
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2. The transmit clock is used for the 
receiver if NRZI or NRZ encoding 
is used. For FM or Manchester 
encoding because the receiver 
clock is derived from the DPLL, 
the DPLL source clock must be 
maintained. 


3. The TxD output is held High. 
4. The RxD input is ignored. 


5. The receiver and transmitter 
must be enabled. 


6. CPU to transmitter and receiver 
communications continue nor- 
mally. 


11 Reserved. 


[5:3] Data Transfer Interface — This field spe- 
cifies the type of data transfer between the 
DUSCC’s Rx and TxFIFOs and the CPU. Allin- 
terrupt and status functions operate normally 
regardless of the data transfer interface pro- 
grammed. Refer to Detailed Operation for de- 
tails of the various DMA transfer interfaces. 


000 Half-duplex single address DMA. 
001 Half-duplex dual address DMA. 
010 Full-duplex single address DMA. 


011 Full-duplex dual address DMA. 


100 Wait on receive only. In this mode a 
read of a non-empty receive FIFO re- 
sults ina normal bus cycle. However, 
if the receive FIFO of the channel is 
empty when a read Rx FIFO cycle is 
initiated, the DTACKN output remains 
negated until a character is received 
and loaded into the FIFO. DTACKN 
is then asserted and the cycle is com- 
pleted normally. 


101 Wait on transmit only. In this mode a 
write to a non-full transmit FIFO re- 
sults in anormal bus cycle. However, 
if the transmit FIFO of the channel is 
fullwhen a write TxFIFO cycle is initi- 
ated, the DTACKN outputremains ne- 
gated until a FIFO position becomes 
available for the new character. 
DTACKN is then asserted and the 
cycle is completed normally. 


110 Wait on transmit and receive. As 
above for both wait on receive and 
transmit operations. 


111 Polled or interrupt. DMA and wait 
function of the channel are not acti- 
vated. Data transfers to the Rx and 
TxFIFOs are via normal bus read and 
write cycles in response to polling of 
the status registers and/or interrupts. 
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[2:0] Frame Check Sequence Select — This 
field selects the optional frame check sequence 
(FCS) to be appended at the end of a trans- 
mitted frame. When CRC is selected in COP, 
then no pairty and 8-bit character length must 
be used. The selected FCS is transmitted as 
follows: 


1. Following transmission of a FiFOed char- 
acter tagged with the ‘send EOM’ com- 
mand. 


2. If underrun control (TPR[7:6]) is pro- 
grammed for TEOM, upon occurrence of 
an underrun. 


3. If TEOM on zero count or done (TPR[4]) 
is asserted and the counter/timer is count- 
ing transmitted characters, after transmis- 
sion of the character which causes the 
counter to reach zero count. 


4. In DMA mode with TEOM on zero count 
or done (TPRI[4]) set, after transmission of 
a character if DONEN is asserted when 
that character was loaded into the TxFIFO 
by the DMA controller. 


000 
001 Reserved 


010 LRC8: Divsior = x® + 1, dividend pre- 
set to zeros. The Tx sends the calcu- 
lated LRC non-inverted. The Rx 
indicates and error if the computed 
LRC is not equal to 0. Valid for COP 
modes only. 


011 LRC8: Divisor = x® + 1, dividend pre- 
set to ones. The Tx sends the calcu- 
lated LRC non-inverted. The Rx 
indicates an error if the computed 
LRC is not equal to 0. Valid for COP 
modes only. 


CRC16: Divisor - x16 + x'5 + x? +1, 
dividend preset to zeros. The Tx 
sends the calculated CRC non-in- 
verted. The Rx indicates an error if 
the comuted CRC is not equal to 0. 
Not valid for ASYNC mode. 


101 CRC16: Divisor = x'® + x'5 + x? +1, 
dividend preset to ones. The Tx 
sends the calculated CRC non-in- 
verted. The Rx indicates an error if 
the computed CRC is not equal to 0. 
Not valid for ASYNC mode. 


110 CRC-CCITT: Divisor = x1 + x12 + x 


+ 1, dividend preset to zeros. The Tx 
sends the calculated CRC non-in- 
verted. The Rx indicates an error if 
the computed CRC is not equal to 0. 
Not valid for ASYNC mode. 


111 CRC-CCITT: Divisor = x'® + x!2 + x® 


+ 1, dividend preset to ones. The Tx 
sends the calculated CRC inverted. 
The Rx indicates an error if the com- 


No frame check sequence. 


100 
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puted CRC is not equal to H'FOBS8’. 
Not valid for ASYNC mode. 


SYN1/Secondary Address 1 
Register (S1RA, S1RB) 


[7:0} Character Compare — In ASYNC mode 
this register holds a 5- to 8-bit long bit pattern 
which is ocmpared with received characters. if 
a match occurs, the character compare status 
bit (RSR[7]) is set. This field is ignored if the re- 
ceiver is in a break condition. 


In COP modes, this register contains the 5- to 
8-bit SYN1 bit pattern, right justified. Parity bit 
need not be included in the value placed in the 
register evenis parity is specified in CMR1[4:3]. 
However, a character received with parity error, 
when parity is specified, will not match. In 
ASYNC, or COP modes, if parity is specified, 
then any unused bits in this register must be 
programmed to zeros. In BOP secondary 
mode it contains the address used to compare 
the first received address octet. The register is 
not used in BOP primary mode or secondary 
modes where address comparisons are not 
made, such as when extended addressing is 
specified. 


SYN2/Secondary Address 2 
Register (S2RA, S2RB) 


[7:0] — This register is not used in ASYNC, 
COP single SYN, BOP primary modes, BOP 
secondary modes with single address field, and 
BOP secondary modes where address com- 
parisons are not made, such as when extended 
addressing is specified. 


In COP dual SYN modes, it contains the 5- to 
8-bit SYN2 bit pattern, right justified, Parity bit 
need not be included in the value placed in the 
register even if parity is specified in CMR1[4:3]. 
However, acharacter received with parity error, 
when parity is specified, will not match. If parity 
is specified, then any unused bits in this register 


-mustbe programmed to zeros. In BOP second- 


ary mode using two address octets, it contains 
the partial address used to compare the second 
received address octet. 


Pin Configuration Register 
(PCRA, PCRB) 

This register selects the functions for multipur- 
pose I/O pins. 


[7] X2/IDC — This bit is defined only for PCRA. 
It is not used in PCRB. 


0 The X2/IDCN pin is used as acrystal 
connection. 
1 The X2/IDCN pin is the interrupt daisy 


chain output. 


[6] GPO2/RTS — The function of this pin is pro- 
grammable only when not operating in full-du- 
plex DMA mode. 
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Table 2. Channel Configuration/Pin Definition Registers Bit Formats 
CHANNEL MODE REGISTER 1 


Data Encoding peeling Address Mode (BOP) Channel Protocol 


Mode 
00 — NRZ/Manchester BOP only — 8-bit 000 — BOP primary 

01 — NRZI 0—no a — extended address 001 — BOP secondary 

10 — FMO 1— yes 10 — 16-bit 


010 — BOP loop 
11— FM1 11 — 16-bit w/group 


011 — BOP loop — no adr. comp. 
Parity Mode (COP/ASYNC) 


— even 00 — no parity 100 — COP dual SYN 
1 — odd 01 — reserved 101 — COP dual SYN (BISYNC) 
10 — with parity 110 — COP single SYN 
11 — force parity _ 111 — asynchronous 


(CMR1A, 
CMR1B) 


NOTE: 
* In BISYNC protocol mode, 0 = EBCDIC, 1 = ASCII coding. 


CHANNEL MODE REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 
Channel Connection Data Transfer Interface Frame Check Sequence Select 


00 — normal 000 — half-duplex single address DMA 000 — none 
(CMR2A, | 01 — auto echo 001 — half-duplex dual address DMA 001 — reserved 
CMR2B)_ | 10 — local loop 010 — full-duplex single address DMA 010 — LRC8 preset Os 
11 — reserved 011 — full-duplex dual address DMA 011 — LRC8 preset 1s 
100 — wait on Rx only 100 — CRC 16 preset Os 
101 — wait on Tx only 101 — CRC 16 preset 1s 
110 — wait on Rx or Tx 110 — CRC CCITT preset Os 
111 — polled or interrupt 111— CRC CCITT preset 1s 


SYN1/SECONDARY ADDRESS REGISTER 1 
BIT7 BIT 5 BIT 4 BIT 3 BIT 2 
(S1RA ASYNC — Character compare (5 — 8 bits) 
S1RB) 


COP — SYN1 (5 —8 bits) 
BOP — First address octet 


SYN2/SECONDARY ADDRESS REGISTER 2 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 
(S2RA ASYNC — not used 
S2RB) 


COP — SYN2 (5 — 8 bits) 
BOP — Second address octet 


PIN CONFIGURATION REGISTER 


X2/IDS GPO2/RTS | SYNOUT/RTS RTxC Pin 


0 — GPO2 0 — SYNOUT | 00 — input 
1— RTS 1— RTS 01 — C/T 

10 — TxCLK 1X 
11 — RxCLK 1X 


TRxC Pin 


000 —— input 100 — TxCLK 16X 
001 — XTAL/2 101 — RxCLK 16X 
010 — DPLL 110 — TxCLK 1X 
011 — C/T 111 — RxCLK 1X 


(PCRA, 
PCRB) 


NOTE: 
* PCRA only. Not used in PCRB. 
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0 The TxDRQN/GPO2N/RTSN pin is a 
general purpose output. It is Low 
when OMR[2] is a 1 and High when 
OMR[2] is a O. 

1 The pin is a request-to-send output 


(see Detailed Operation). The logical 
state of the pin is controlled by 
OMR[0]. When OMR){0] is set, the 
output is Low. 


[5] SYNOUT/RTS — 


0 The SYNOUTN/RTSN pin is an ac- 
tive-Low output which is asserted one 
bit time after a SYN pattern (COP 
modes) in HSRH/HSRL or FLAG 
(BOP modes) is detected in CCSR. 
The output remains asserted for one 
receiver clock period. See Figure 1 
for receiver data path. 


1 The pin is a request-to-send output 
(see Detailed Operation). The logical 
state of the pin is controlled by 
OMR[0] when OMR{0] is set, the out- 


put is Low. 
[4:3] RTxC — 
00 The pin is an input. It must be pro- 


grammed for input when used as the 
input for the receiver or transmitter 
clock, the DPLL, or the C/T. 


01 The pin is an output for the counter/ 
timer. Referto CTCRA/B description. 


Table 3. 


TRANSMITTER PARAMETER REGISTER 


BIT 7 BIT 6 BIT 5 BIT 3 BIT 2 BIT 0 


TEOM on 
Zero Cnt 


Underrun Control 


10 The pin is an output for the transmitter 
shift register clock. 


11 The pin is an output for the receiver 
shift register clock. 
[2:0] TRxC — 


000 The pin is an input. It must be pro- 
grammed for input when used as the 
input for the receiver or transmitter 


clock, the DPLL, or the C/T. 


001 The pin is an output from the crystal 
oscillator divided by two. 


010 The pinis an output for the DPLL out- 
put clock. 

011 The pin is an output for the counter/ 
timer. Refer to CTCRA/B description. 

100 The pin is an output for the transmitter 
BRG at 16X the rate selected by TTR 
[3:0]. 

101 The pin is an output for the receiver 
BRG at 16X the rate selected by RTR 
[3:0]. 

110 The pin is an output for the transmitter 
shift register clock. 

111 The pin is an output for the receiver 


shift register clock. 


or Done 


Transmitter and Receiver Param- 


eter and Timing Registers 

This set of five registers contains the informa- 
tion which controls the operation of the trans- 
mitter and receiver for each channel. Table 3 
shows the bit map format for each of these re- 
gisters. The registers of this group are: 


1. Transmitter parameter and timing regis- 
ters (TPRA/B and TTRA/B) 


2. Receiver parameter and timing registers 
(RPRA/B and RTRA/B) 


3. Output and miscellaneous register 
(OMRA/B). 


The first and second group of registers define 
the transmitter and receiver parameters and 
timing. Included in the receiver timing registers 
are the programming parameters for the DPLL. 
The last register of the group, OMR contains 
additional transmitter and receiver information 
and controls the logical state of the output pins 
when they are not used as a part of the channel 
configuration. 


A channel cannot be dynamically reconfigured. 
Do not write to the RPR if the receiver is en- 
abled, and do not write to the TPR if the trans- 
mitter is enabled. 


Transmitter and Receiver Parameter and Timing Register Bit Format 


Tx Character Length 


Tx RTS CTS 
Control Enable Tx 


0—no 0—no 
1— yes 1— yes 


00 — FCS-idle 
01 — reserved 
10 — MARKs 

11 — SYNs 


0 — MARKs 
1— SYNs 


0 — MARKs 
1 — FLAGs 


00 — 5 bits 
01 — 6 bits 
10 — 7 bits 
11 — 8 bits 


0—no 
1— yes 


TEOM on 
Zero Cnt 
or Done 


Underrun Control 


00 — FCS-FLAG-idle 
01 — reserved 

10 — ABORT-MARKs 
11 — ABORT-FLAGs 


Stop Bits Per Character 


9/16 to 1, 17/16 to 1.5, 25/16 to 2 
programmable in 1/16-bit increments 


0—no 
1—yes 
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TRANSMITTER TIMING REGISTER 


a “ ponshiey Transmitter Clock Select Bit Rate Select 


0 — RTxC 000 — 1X external 
1— TRxC 001 — 16X external 
010 — DPLL 
011— BRG 

100 — 2X other channel C/T 
101 — 32X other channel C/T 
110 — 2X own channel C/T 
111 — 32X own channel C/T 


one of sixteen rates from BRG 


RECEIVER PARAMETER REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


Rx RTS Strip DCD 

Control Parity Enable Rx 

0—no 0—no 0—no 

1— yes 1— yes 1— yes 
; Auto Hunt Strip 


0—no 
1— yes 


Rx Character Length 


00 — 5 bits 
01 — 6 bits 


10 — 7 bits 
11 — 8 bits 


RECEIVER TIMING REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


yl ; Receiver Clock Select Bit Rate Select 


O—RTxC | 000 — 1X external one of sixteen rates from BRG 
1— TRxC 001 — 16X external ASYNC 

010 — BRG protocol 

011 — C/T of channel mode only 


100 — DPLL, source = 64X X1/CLK 
101 — DPLL, source = 32X External 
110 — DPLL, source = 32X BRG 

111 — DPLL, source = 32X C/T 


OUTPUT AND MISC REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


(OMRA, TxRDY RxRDY 
OMRB) Tx Residual Character Length Activate Activate OUT 2 


000 — 1 bit 0— FIFO 
001 — 2 bits not empty 
010 — 3 bits 1— FIFO 
011 — 4 bits full 


100 — 5 bits 
101 — 6 bits 
110 — 7 bits 


111 — same as TPRI[1:0] 
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Transmitter Parameter Register 
(TPRA, TPRB) 


[7:6] Underrun Control — In BOP and COP 
modes, this field selects the transmitter re- 
sponse in the event of an underrun (i.e., the 
TxFIFO is empty). 


00 Normal end of message termination. 
In BOP, the transmitter sends the FCS 
(if selected by CMR2[2:0]) followed by 
a FLAG and then either MARKs or 
FLAGs, as specified by [5]. In COP, 
the transmitter sends the FCS (if se- 
lected by CMR2[2:0]) and then either 
MARKs or SYNs, as specified by [5]. 


01 Reserved. 


10 In BOP, the transmitter sends an 
ABORT (11111111) and then places 
the TxD output in a marking condition 
until receipt of further instructions. In 
COP, the transmitter places the TxD 
output in a marking condition until re- 
ceipt of further instructions. 


11 In BOP, the transmitter sends an 
ABORT (11111111) and then sends 
FLAGs until receipt of further instruc- 
tion. In COP, the transmitter sends 
SYNs until receipt of further instruc- 
tions. 


[5] Idle — 1n BOP and COP modes, this bit se- 
lects the transmitter output during idle. Idle is 
defined as the state following a normal end of 
message until receipt of the next transmitter 
command. 


0 Idle in marking condition. 
1 Idle sending SYNs (COP) or FLAGs 
(BOP). 


[4] Transmit EOM on Zero Count or Done — 
In BOP and COP modes, the assertion of this 
bit causes the end of message (FCS in COP, 
FCS-FLAG in BOP) to be transmitted upon the 
following events: 


1. If the counter/timer is counting transmitted 
characters, after transmission of the char- 
acter which causes the counter to reach 
zero count. (DONEN is also asserted as 
an output if the channel is in a DMA oper- 
ation.) 


2. If the channel is operating in DMA mode, 
after transmission of a character if DO- 
NEN was asserted when that character 
was loaded into the TxFIFO by the DMA 
controller. 


[7:4] Stop Bits per character — In ASYNC 
mode, this field programs the length of the stop 
bit appended to the transmitted character as 
shown in Table 4. 
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Table 4 Stop Bits — 


Transmitted Character 


7 5 BITS/ 6,70r8 
[7:4] CHAR | BITS/CHAR 


Stop bit lengths of 9/16 to 1 and 1-9/16 to 2 bits, 
in increments of 1/16-bit, can be programmed 
for character lengths of 6, 7, and 8 bits. Fora 
character length of 5 bits, 1-1/16 to 2 stop bits 
can be programmed in increments of 1/16-bit. 
The receiver only checks for a ‘mark’ condition 
at the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
if parity is enabled) in all cases. 


If an external 1X clock (or a 2X clock for coun- 
ter/timer) is used for the transmitter, [7] = 0 se- 
lects one stop bit and [7] = 1 selects two stop 
bits to be transmitted. If Manchester, NRZI, or 
FMdata encoding is selected, only integral stop 
bit lengths should be used. 


[3] Transmitter Request-to-Send Control — 
This bit controls the deactivation of the RTSN 
output by the transmitter (see Detailed Opera- 
tion). 


0 RTSN is not affected by status of 
transmitter. 
1 RTSN changes state as a function of 


transmitter status. 


[2] Clear-to-Send Enable Transmitter — The 
state of this bit determines if the CTSN input 
controls the operation of the channel's transmit- 
ter (see Detailed Operation). The duration of 
CTS level change is described in the discus- 
sion of ICTSR[4]. 


0 CTSN has no affect on the transmit- 
ter. 

1 CTSN affects the state of the trans- 
mitter. 


[1:0] Transmitted Bits per Character — This 
field selects the number of data bits per charac- 
ter to be transmitted. The character length 
does notincludes the start, parity, and stop bits 
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in ASYNC or the parity bit in COP. In BOP 
modes the character length for the address and 
control field is always 8 bits, and the value of 
this field only applies to the information (I) field, 
except for the last character of the | field, whose 
length is specified by OMR[7:5}. 


Transmitter Timing Register 
(TTRA, TTRB) 


[7] External Source — This bit selects the 
RTxC pin or the TRxC pin of the channel as the 
transmitter clock input when [6:4] specifies ex- 
ternal. When used for input, the selected pin 
must be programmed as an input in the PCR 
[4:3] or [2:0]. 


0 External input form RTxC pin. 


1 External input from TRxC pin. 


[6:4] Transmitter Clock Select — This field 
selects the clock for the transmitter. 


000 External clock from TRxC or RTXC at 
1X the shift (baud) rate. 


External clock from TRXC or RTxC at 
16X the shift rate. 


Internal clock from the phase-locked 
loop at 1X the bit rate. It should be 
used only in half-duplex operation 
since the DPLL will periodically re- 
sync itself to the received data if in 
full-duplex operation. 


001 


010 


011 Internalclock from the bit rate genera- 
tor at 32X the shift rate. The clock sig- 
nal is divided by two before use in the 
transmitter which operates at 16X the 
baud rate. Rate selected by [3:0]. 


Internal clock from counter/timer of 
other channel. The C/T should be 
programmed to produce a clock at 2X 
the shift rate. 


101 Internal clock from counter/timer of 
other channel. The C/T should be 
programmed to produce a clock at 
32X the shift rate. 


110 Internal clock from the counter/timer 
of own channel. The C/T should be 
programmed to produce a clock at 2X 
the shift rate. 


111 Internal clock from the counter/timer 
of own channel. The C/T should be 
programmed to produce a clock at 
32X the shift rate. 


[3:0] Bit Rate Select — This field selects an 
output from the bit rate generator to be used by 
the transmitter circuits. The actual frequency 
output from the BRG is 32X the bit rate shown 
in Table 5. With a crystal or external clock of 
14.7456MHz the bit rates are as given in Table 
5 (this input is divided by two before being 
applied to the oscillator circuit). 
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Table 5. Receiver/Transmitter 
Baud Rates 

| [3:0] BIT RATE } [3:0] | BIT RATE 
50 


75 
110 
134.5 
150 


200 
300 
600 


Receiver Parameter Resgister 
(RPRA, RPRB) 


[7] SYN Stripping — This bit controls the 
DUSCC processing in COP modes of SYN 
‘character patterns’ that occur after the initial 
character synchronization. Refer to Detailed 
Operation of the receiver for details and defini- 
tion of SYN ‘patterns’, and their accumulation 
of FCS. 


0 Strip only leading SYN ‘patterns’ (i.e. 
before a message). 

1 Strip all SYN ‘patterns’ (including all 
odd DLE’s in BISYNC transparent 
mode). 


[6] Transfer Received FCS to FIFO — In BI- 
SYNC and BOP modes, the assertion of this bit 
causes the received FCS to be loaded into the 
RxFIFO. When this bit is set, BOP mode oper- 
ates correctly only if a minimum of two extra 
FLAGs (without shared zeros) are appended to 
the frame. If the FCS is specified to be trans- 
ferred to the FIFO, the EOM status bit will be 
tagged onto the last byte of the FCS instead of 
to the last character of the message. 


0 Do not transfer FCS to RxFIFO. 
1 Transfer FCS to RxFIFO. 


[5] Auto-Hunt and Pad Check (BISYNC) — In 
BISYNC mode, the assertion of this bit causes 
the receiver to go into hunt for character sync 
mode after detecting certain End-Of-Message 
(EOM) characters. These are defined in the 
Detailed Operations section for COP receiver 
operation. After the EOT and NAK sequences, 
the receiver also does a check for a closing 
PAD of four 1s. 


0 Disable auto-hunt and PAD check. 
1 Enable auto-hunt and PAD check. 


[5] Overrun Mode (BOP) — The state of this 
control bit determines the operation of the re- 
ceiver in the event of a data overrun, i.e., when 
a character is received while the RxFIFO and 
the Rx shift register are both full. 


0 The receiver terminates receiving the 
current frame and goes into hunt 
phase, looking for a FLAG to be re- 
ceived. 
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1 The receiver continues receiving the 
current frame. The overrunning char- 
acter is lost. (The five characters al- 
ready assembled in the RxFIFO and 
Rx shift register are protected). 


[4] Receiver Request-to-Send Control 
(ASYNC) — See Detailed Operation. 


0 Receiver does not control RTSN out- 
put. 
1 Receiver can negate RTSN output. 


[4] External Sync (COP) — In COP single 
SYN mode, the assertion of this bit enables ex- 
ternal character synchronization and receipt of 
SYN patterns is not required. In order to use 
this feature, the DUSCC must be programmed 
to COP single SYN mode, CMR 1[2:0] = 110, 
which is used to set up the internal data paths. 
In all other respects, however, the external 
sync mode operation is protocol transparent. 
A negative signal on the DCDN/SYNIN pin will 
cause the receiver to establish synchronization 
on the next rising edge of the receiver clock. 
Character assembly will start at this edge with 
the RxD input pin considered to have the sec- 
ond bit of data. The sync signal can then be ne- 
gated. Receipt of the Active-High external sync 
input causes the SYN detect status bit (RSR[2]) 
to be set and the SYNBOUTN pin to be as- 
serted for one bit time. When this mode is en- 
able, the internal SYN (COP mode) detection 
and special character recognition (e.g., IDLE, 
STX, ETX, etc.) circuits are disabled. Charac- 
ter assembly begins as if in the |-field with char- 
acter length as programmed in RPR{[1:)]. 
Incoming COP frames with parity specified op- 
tionally can have it stripped by programming 
RPR[3]. The user must wait at least eight bit 
times after Rx is enabled before applying the 
SYNIN signal. This time is required to flush the 
internal data paths. The receiver remains in 
this mode and further external sync pulses are 
ignored until the receiver is disabled and then 
reenabled to resynchronize or to return to nor- 
mal mode. See Figure 2. 


0 External sync not enabled. 
1 External sync enabled. 


Note that EXT SYNC and DCD ENABLE Rx 
cannot be asserted simultaneously since they 
use the same pin. 


[3] Strip Parity — In COP and ASYNC modes 
with parity enabled, this bit controls whether the 
received parity bit is stripped from the data 
placed in the receiver FIFO. Itis valid ony for 
programmed character lengths of 5, 6, and 7 
bits. If the bitis stripped, the corresponding bit 
in the received data is set to zero. 


0 Transfer parity bit as received. 
1 Stop parity bit from data. 
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[3] All Parties Address — In BOP secondary 
modes, the assertion of this bit causes the re- 
ceiver to ‘wake-up’ upon receipt of the address 
H'FF' or H‘FF, FF’, for single- and dual-octet ad- 
dress modes, respectively, in addition to its nor- 
mal station address. This feature allows all 
stations to receive a message. 


0 Don't recognize all parties address. 


1 Recognize all parties address. 


[2] DCD Enable Receiver — If this bit is as- 
serted, the DCDN/SYNIN input must be Low in 
order for the receiver to operate. If the input is 
negated (goes High) while a character is being 
received, the receiver terminates receipt of the 
current message (this action in effect disables 
the receiver). If DCD is subsequently asserted, 
the receiver will search for the start bit, SYN 
pattern, or FLAG, depending on the channel 
protocol. (Note that the change of input can be 
programmed to generate an interrupt; the dura- 
tion of the DCD level change is described in the 
discussion of the input and counter/timer status 
register (CTSR[5)). 


0 DCD not used to enabled receiver. 
1 DCD used to enabled receiver. 


EXT SYNC and DCD ENABLE Rx cannot be 
asserted simultaneously since they use the 
same pin. 


[1:0] Received Bits per Character — This 
field selects the number of data bits per charac- 
ter to be assembled by the receiver. The char- 
acter length does not include the start, parity, 
and stop bits in the ASYNC or the parity bit in 
COP. In BOP modes, the character length for 
the address and control field is always 8 bits, 
and the value of this field only applies to the in- 
formation field. If the number of bits assembled 
for the last character of the I-field is less than 
the value programmed in this field, RCL not 
zero (RSR[0]) is asserted and the actual num- 
ber of bits received is given in TRSR[2:0]. 


Receiver Timing Register (RTRA, 
RTRB) 


[7] External Source — This bit selects the 
RTxC pin or the TRxC pin of the channel as the 
receiver or DPLL clock input, when [6:4] speci- 
fies external. When used for input, the selected 
pin mustbe programmedas an inputin the PCR 
[4:3] or [2:0]. 

0 External input form RTxC pin. 

1 External input form TRxC pin. 


[6:4] Receiver Clock Select — This field se- 
lects the clock for the receiver. 


000 External clock from TRxC or RTxC at 
1X the shift (baud) rate. 
001 External clock fromTRxC or RTxC at 


16X the shift rate. Used for ASYNC 
mode only. 
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Internal clock from the bit rate genera- 
tor at 32X the shift rate. Clock is di- 
vided by two before used by the 
receiver logic, which operates at 16X 
the baud rate. Rate selected by [3:0]. 
Used for ASYNC mode only. 


011 Internal clock from counter/timer of 
own channel. The C/T should be pro- 
grammed to produce a clock at 32X 
the shift rate. Clock is divided by two 
before use in the receiver logic. Used 
for ASYNC mode only. 


Internal clock from the digital phase- 
locked loop. The clock for the DPLL 
is a 64X clock from the crystal oscilla- 
tor or system clock input. (The input 
to the oscillator is divided by two). 


101 Internal clock from the digital phase- 
locked loop. The clock for the DPLLis 
an external 32X clock from the RTxC 
or TRxC pin, as selected by [7]. 


110 Internal clock from the digital phase- 
locked loop. The clock for the DPLL 
is a32X clock from the BRG. The fre- 
quency is programmed by [3:0]. 

111 Internal clock from the digital phase- 
locked loop. The clock for the DPLL 


is a32X clock from the counter/timer 
of the channel. 


[3:0] Bit Rate Select — This field selects an 
output from the bit rate generator to be used by 
the receiver circuits. The actual frequency out- 
put from the BRG is 32X the bit rate shown in 
Table 5. 


Output and Miscellaneous Regis- 
ter (OMRA, OMRB) 


[7:5] Transmitted Residual Character 

Length — In BOP modes, this field determines 

the number of bits transmitted for the last char- 

acter in the information field. This length ap- 
plies to: 

— The character in the transmit FIFO accom- 
panied by the FiFOed TEOM command. 

— The character loaded into the FIFO by the 
DMA controller if DONEN is simultaneously 
asserted and TPR[4} is asserted. 

— The character loaded into the FIFO which 
causes the counter to reach zero count 
when TPR[4] is asserted. 


The length of all other characters in the frame's 
information field is selected by TPR[1:0]. If this 
fieldis 111, the number of bits in the last charac- 
ter is the same as programmed in TPR[1:0]. 


[4] TxRDY Activate Mode — 


0 FIFO not full. The channel's TxRDY 
status bit is asserted each time a 
character is transferred from the 
transmit FIFO to the transmit shift reg- 
ister. If not reset by the CPU, TxRDY 
remains asserted until the FIFO is full, 
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at which time it is automatically ne- 
gated. 


1 FIFO empty. The channel's TxRDY 
status bit is asserted when a charac- 
ter transfer from the transmit FIFO to 
the transmit shift register causes the 
FIFO to become empty. If not reset 
by the CPU, TxRDY remains as- 
serted until the FIFO is full, at which 
time it is negated. 


If the TxRDY status bit is reset by the 
CPU, it will remain negated regard- 
less of the current state of the transmit 
FIFO, until itis asserted again due to 
the occurrence of one of the above 


conditions. 
[3] RxRDY Activate Mode — 
0 FIFO not empty. The channel's 


RxRDY status bit is asserted each 
time a character is transferred from 
the receive shift register to the receive 
FIFO. Ifnotreset by the CPU, RxRDY 
remains asserted until the receive 
FIFO is empty, at which time it is auto- 
matically negated. 


1 FIFO full. The channel's RxRDY sta- 
tus bit is asserted when a character 
transfer from the receive shift register 
to the receive FIFO causes the FIFO 
to become full. If not reset by the 
CPU, RxRDY reamins asserted until 
the FIFO is empty, at which time it is 
negated. 


The RxRDY status bit will also be as- 
serted, regardless of the receiver 
FIFO full condition, when = an 
end-of-message character is loaded 
in the RxFIFO (BOP/BISYNC), when 
a BREAK condition (ASYNC mode) is 
detected in RSR[2], orwhen the coun- 
ter/timer is programmed to count re- 
ceived characters and the character 
which causes it to reach zero is 
loaded in the FIFO (all modes). (Re- 
fer to the Detailed Operation of the re- 
ceiver.) 


If reset by the CPU, the RxRDY status 
bit will remain negated, regardless of 
the current state of the receiver FIFO, 
until itis asserted again due to one of 
the above conditions. 


[2] General Purpose Output 2 — This general 
purpose bit is used to control the TxDRQN/ 
GPO2/RTSN pin, when itis used as an output. 
The outputis High when the bitis aO and is Low 
when the bit is a 1. 


[1] General Purpose Output 1 — This bit is 
used to control the RTxDRQN/GPOIN output, 
which is a general purpose output when the 
channelis notin DMA mode. The outputis High 
when the bit is a0 andis Low when the bit is a 
a: 
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[0] Request-to-Send Output — This bit con- 
trols the TxDRQN/GPO2N/RTSN and SYN- 
OUTN/RTSN pin, when eitheris used as a RTS 
output. The output is High when the bit is a0 
and is Low when the bit is a 1. 


Counter/Timer Control and Value 
Registers 

There are five registers in this set consisting of 
the following: 


1. Counter/timer control register (CTCRA/B). 


2. Counter/timer preset Highland Low regis- 
ters (CTPRHA/B, CTPRLA/B). 


3. Counter/timer (current value) High and 
Low registers (CTHA/B, CTLA/B) 


The format of each of the registers of this set is 
contained in Table 6. The control register con- 
tains the operational information for the coun- 
ter/timer. The preset registers contain the 
count which is loaded into the counter/timer cir- 
cuits. The third group contains the current val- 
ue of the counter/timer as it operates. 


Counter/Timer Control Register 
(CTCRA/CTCRB) 


[7] Zero Detect Interrupt — This bit deter- 
mines whether the assertion of the C/T ZERO 
COUNT status bit (ICTSR[6]) causes an inter- 
rupt to be generated. 


0 Interrupt disabled. 

1 Interrupt enabled if master interrupt 
enabled (ICR[1] or ICR[O]) is as- 
serted. 


[6] Zero Detect Control — This bit determines 
the action of the counter upon reaching zero 
count. 


0 The counter/timer is preset to the val- 
ue contained in the counter/timer pre- 
set registers (CTPRL, CTPRH) at the 
next clock edge. 


1 The counter/timer continues counting 
without preset. The value at the next 
clock edge will be H'FFFF’. 


[5] Counter/Timer Output Control — This bit 
selects the output waveform when the counter/ 
timer is selected to be output on TRxC or RTxC. 


1 The output is a single clock positive 
width pulse each time the C/T reach- 
es zero count. (The duration of this 
pulse is one clock period.) 

0 The output toggles each time the C/T 
reaches zero count. The output is 
cleared to Low by either of the preset 
counter/timer commands. 


[4:3] Clock Select — This field selects whether 
the clock selected by [2:0] is prescaled prior to 
being applied to the input of the C/T. 
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00 No prescaling. 

01 Divide clock by 16. 
10 Divide clock by 32. 
11 Divide clock by 64. 


[2:0] Clock Source — This field selects the 
clock source for the counter/timer. 


000 RTxC pin. Pin must be programmed 
as input. 


001 TRxC pin. Pin must be programmed 


100 


ceiving the ‘start C/T’ command, 
delays the start of counting until the 
RxD input goes Low. It continues 
counting until the RxD input goes 
High, then stops and sets the C/T zero 
count status bit. The CPU can use the 
value in the C/T to determine the bit 
rate of the incoming data. The clock 
is the crystal oscillator or system clock 
input divided by four. 


Source is the 32X BRG output se- 
lected by RTR[3:0] of own channel. 


111 
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ceive shift register into the receiver 
FIFO. When operating in this mode, 
the FiFOed EOM status bit (RSR[7]) 
shall be set when the character which 
causes the count to go to zero is 
loaded into the receive FIFO. 


Source is the internal signal which 
transfers characters from the data 
bus into the transmit FIFO. When op- 
erating in this mode, and if the TEOM 
on zero count or done control bit 
(TPR[4]) is asserted, the FiFOed 


‘ ) j - 
as input. 101 Source is the 32X BRG output se- send EOM command will be automat 

ically asserted when the character 

010 Source is the crystal oscillator or sys- lected by TTR[3:0] of own channel. which causes the count to go to zero 


tem clock input divided by four. 


110 Source is the internal signal which is loaded into the transmit FIFO. 


O11 This selects a special mode of opera- loads received characters from the re- 


tion. In this mode the counter, after re- 


Table 6. | Counter/Timer Control and Value Register Bit Formats 
COUNTER/TIMER CONTROL REGISTER 


Zero Zero 
Detect Detect 
Interrupt Control 


0 — disable 
1 — enabled 


(CTCRA, 
CTCRB) 


Output 


Control Clock Source 


Prescaler 


000 — RTXxC pin 

001 — TRxC pin 

010 — X1/CLK divided by 4 

011 — X1/CLK divided by 4 gated by RxD 
100 — Rx BRG 

101 — Tx BRG 

110 — Rx characters 

111 — Tx characters 


0 — preset 
1 — continue 


0 — square 
1 — pulse 


COUNTER/TIMER PRESET REGISTER HIGH 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


Most significant bits of counter/timer preset value. 


BIT 1 


BIT 0 


(CTPRHA, 
CTPRHB) 


COUNTER/TIMER PRESET REGISTER LOW 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


(CTPRLA, 
CTPRLB) 


Least significant bits of counter/timer preset value. 


COUNTER/TIMER REGISTER HIGH 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 
(CTHA, 
CTHB) 


Most significant bits of counter/timer. 


BIT 1 


BIT 0 


COUNTER/TIMER REGISTER LOW 


BIT 7 BIT 5 BIT 4 BIT 3 BIT 2 


Least significant bits of counter/timer. 
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Counter/Timer Preset High Regis- 
ter (CTPRHA, CTPRHB) 


[7:0] MSB — This regsiter contains the eight 
most significant bits of the value loaded into the 
counter/timer upon receipt of the load C/T from 
preset regsiter command or when the counter/ 
timer reaches zero count and the zero detect 
control bit (CTCR[6]) isnegated. The minimum 
16-bit counter/timer preset value is H'0002’. 


Counter/Timer Preset Low Regis- 
ter (CTPRLA, CTPRLB) 


[7:0] LSB — This register contains the eight 
least significant bits of the value loaded into the 
counter/timer upon receipt of the load C/T from 
preset register command or when the counter/ 
timer reaches zero count and the zero detect 
control bit (CTCRI[6]) is negated. The minimum 
16-bit counter/timer preset value is H'0002’. 


Counter/Timer High Register 
(CTHA, CTHB) 


[7:0] MSB — A read of this ‘register’ provides 
the eight most significant bits of the current val- 
ue of the counter/timer. It is recommended that 
the C/T be stopped via a stop counter com- 
mand before itis read in order to prevent errors 
which may occur due to the read being per- 
formed while the C/T is changing. This count 
may be continued after the register is read. 


Counter/Timer Low Register 
(CTLA, CTLB) 


[7:0] LSB — A read of this ‘register’ provides 
the eightleast significant bits of the current val- 
ue of the counter/timer. Itis recommended that 
the C/T be stopped via a stop counter com- 


Table 7. 
RECEIVER STATUS REGISTER 


(RSRA, RSRB) 
ASYNC 


COP 


BOP 


LOOP 


NOTES: 
# Status bit is FiFOed. 
+ COP BISYNC mode only 


* 
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All modes indicate character count complete. 


mand before it is read, in order to preventerrors 
which may occur due to the read being per- 
formed while the C/T is changing. This count 
may be continued after the register is read. 


Interrupt Control and Status Reg- 
isters 

This group of registers define mechanisms for 
communications between the DUSCC and the 
processor and contain the device status infor- 
mation. Four registers, available for each chan- 
nel, and four common device registers 
comprise this group which consists of the fol- 
lowing: 


1. Interrupt Enable Register (IERA/B). 
2. Receiver Status Register (RSRA/B). 


3. Transmitter and Receiver Status Register 
(TRSRA/B). 


4. Input and Coutner/Timer Status Register 
(lICTSRA/B). 


5. Interrupt Vector Register (IVR) and Modi- 
fied Interrupt Vector Register (IVRM). 


6. Interrupt control register (ICR). 
7. General status register (GSR) 


See Table 7 for bit formats and Figure 3 for table 
relationships. 


Interrupt Enable Register (IERA, 
IERB) 


This register controls whether the assertion of 
bits in the channel's status registers causes an 
interrupt to be generated. An additional condi- 
tion for an interrupt to be generated is that the 
channel's master interrupt enabled bit, |CR[0] 
or ICR[1], be asserted. 


Interrupt Control and Status Register Bit Format 


*BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 

# Char RTS Overrun BRK end BRK start # Framing # Parity 
compare negated error detect detect error error 
#EOM PAD Overrun not 
detect + error + error used 

# EOM Abort Overrun Short Idle Flag # CRC # RCL not 

detect detect error frame detect detect detect error zero 

# EOM AborvVEOP Overrun Short Turn-around Flag # CRC # RCL not 

detect detect error frame detect detect detect error zero 
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[7] DCD/CTS — 
0 Interrupt not enabled. 
1 Interrupt generated if ICTSR[4] or 
ICTSR[5] are asserted. 
[6] TxRDY — 
0 Interrupt not enabled. 
1 Interrupt generated if TxRDY 


(GSR[1] or GSR[5] for Channels A 
and B, respectively) is asserted. 


[5] TRSR 73 — 

0 Interrupt not enabled. 

1 Interrupt generated if bits 7, 6, 5, 4 or 
3 of the TRSR are asserted. 

[4] RxRDY — 

0 Interrupt not enabled. 

1 Interrupt generated if RxRDY 


(GSR[O] or GSR[4] for Channels A 
and B, respectively) is asserted. 


[3] RSR 76 — 

0 Interrupt not enabled. 

1 Interrupt generated if bits 7 or 6 of the 
RSR are asserted. 

[2] RSR 54 — 

0 Interrupt not enabled. 

1 Interrupt generated if bits 5 or 4 of the 
RSR are asserted. 

[1] RSR 32 — 

0 Interrupt not enabled. 

1 Interrupt generated if bits 3 or 2 of the 
RSR are asserted. 


# Parity 
error 
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Table 7. _‘ Interrupt Control and Status Register Bit Format (Continued) 
TRANSMITTER AND RECEIVER STATUS REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
Transmitter CTS not Send DPLL not not not 
empty underrun used break ack error used used used 
Transmitter CTS Frame Send SOM DPLL not Rx hunt Rx xpnt 
empty underrun complete ack error used mode mode 
CTS 
underrun 


(TRSRA, TRSRB) 
ASYNC 


COP 


Transmitter 
empty 


Rx Residual Character Length 
Loop Frame Send SOM DPLL 000 — 0 bit 100 —4 bits 
sending” complete abort ack error 001 — 1 bits 101 — 5 bits 
010 — 2 bits 110 — 6 bits 
011 — 3 bits 111 — 7 bits 


INPUT AND COUNTER/TIMER STATUS REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


NOTE: 
* Loop mode only. 


(ICTSRA, C/T C/T zero Delta Delta 
ICTSRB) running count DCD CTS/LC DCD CTSILC 
INTERRUPT ENABLE REGISTER 


(IERA, IERB) DCD/CTS TxRDY TRSR [7:3] RxRDY RSR[7:6] | RSR [5:4] | 


0—no 0—no 0—no 0—no 0—no 0—no 
1 — yes 1— yes 1— yes 1— yes 1— yes 1 — yes 


INTERRUPT VECTOR REGISTER AND INTERRUPT VECTOR MODIFIED REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
(IVR, IVRM) 


RSR [3:2] 


8-bit interrupt vector 


GENERAL STATUS REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


(GSR) Channel B Channel A 


External External 
oo any | ssauy: |. “ce 
Status status 


INTERRUPT CONTROL REGISTER 


re 4 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


. Vector Channel A Channel B 
Channel A/B Vector Mode Bits to Includes Master Int | Master Int 
Interrupt Priority Modify Status Enable Enable 


00 — Channel A 
01 — Channel B 

10 — interleaved A 
11 — interleaved B 


00 — vectored 
01 — vectored 
10 — vectored 
11 — non vectored 
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[0] RSR 10 — 

0 Interrupt not enabled. 

1 Interrupt generated if bits 1 or Oof the 
RSR are asserted. 


Receiver Status Register (RSRA, 
RSRB) 

This register informs the CPU of receiver sta- 
tus. Bits indicated as ‘not used’ in a particular 
mode will read as zero. The logical OR of these 
bits is presented in GSR[2] or GSR[6] (ORed 
with the bits of TRSR) for Channels A and B, re- 
spectively. Unless otherwise indicated, as- 
serted status bits are reset only be performing 
a write operation to the status register with the 
bits to be reset being ones in the accompanying 
data word, or when the RESETN input is as- 
serted, or when a ‘reset receiver’ command is 
issued. 


Certain status bits are specified as being FI- 
FOed. This means that they occupy positions 
in a status FIFO that correspond to the data 
FIFO. As the data is brought to the top of the 
FIFO (the position read when the RxFIFO is 
read), the FiFOed status bits are logically 
ORed with the previous contents of the corre- 
sponding bits in the status register. This per- 
mits the user to obtain status either character 
by character or on a block basis. For character 
by character status, the SR bits should be read 
and then cleared before reading the character 
data from RxFIFO. For block status, the status 
register is initially cleared and then read after 
the message is received. Asserted status bits 
can be programmed to generate an interrupt 
(see Interrupt Enable Register). 


[7] Character Count Complete (All Modes), 
Character compare (ASYNC), EOM (BI- 
SYNC/BOP/LOOP) — If the counter/timer is 
programmed to count received characters, this 
bit is asserted when the character which 
causes the count to go to zero is loaded into the 
receive FIFO. It is also asserted to indicate the 
following conditions: 


ASYNC The character currently at the top of 
RxFIFO matched the contents of 
S1R. A character will not compare if 
it is received with parity error even if 
the data portion matches. 


BISYNC The character currently at the top of 
the FIFO was either a text message 
terminator or a control sequence re- 
ceived outside of a text or header 
field. See Detailed Operation of COP 
Receiver. If transfer FCS to FIFO 
(RPR[6]) is set, the EOM will instead 
be tagged onto the last byte of the 
FCS. Note that if an overrun occurs 
during receiptofa message, the EOM 
character may be lost, but this status 
bit will still be asserted to indicate that 
an EOM was received. For 2 byte 
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EOM comparisons, only the second 
byte is tagged (assuming the CRC is 
not transferred to the FIFO). 


BOP, 
LOOP 


The character currently at the top 
of the FIFO was the last character of 
the frame. If trnasfer FCS to FIFO 
(RPR[6]) is asserted, the EOM will be 
tagged instead onto the last byte of 
the FCS. Note that if an overrun oc- 
curs, the EOM character may be lost, 
but this status bit will still be asserted 
to indicate thatan EOMwas received. 
This bit will not be set when an abort 
is received. 


[6] RTS Negated (ASYNC), PAD Error (BI- 
SYNC), ABORT (BOP) — 


ASYNC The RTSN output was negated due to 
receiving the start bit of anew charac- 
ter while the RxFIFO was full (see 
RPR{[4]). 


BISYNC PAD error detected (see RPR[5)). 

LOOP AnABORT sequence consisting of a 
zero followed by seven ones was re- 
ceivedafter receipt ofthe firstaddress 
octet but before receipt of the closing 
FLAG. The user should read RxFIFO 
until it is empty and determine if any 
valid characters from a previous 
frame are in the FIFO. Ifno character 
with a tagged EOM detect ([7]) is 
found, all characters are from the cur- 
rent frame and should be discarded 
along with any previously read by the 
CPU. An ABORT detect causes the 
receiver to automatically go into 
search for FLAG state. An abort dur- 
ing a valid frame does not cause the 
CRC to reset; this will occur when the 
next frame begins. 


Performs the ABORT detect function 
as described for BOP without the re- 
striction that the pattern be detected 
during an active frame. A zero fol- 
lowed by seven ones is_ the 
end-of-poll sequence which allows 
the transmitter to go active if the ‘go 
active on poll’ command has been in- 
voked. 


LOOP 


[5] Overrun Error (All Modes) — A new char- 
acter was received while the receive FIFO was 
full and a character was already waiting in the 
receive shift register to be transferred to the 
FIFO. the DUSCC protects the five characters 
previously assembled (four in RxFIFO, one in 
the Rx shift register) and discards the overrun- 
ning character(s). After the CPU reads the 
FIFO, the character waiting in the RxSR will be 
loadedinto the available FIFO position. This re- 
leases the RxSR and a new character assem- 
bly will start at the next character boundary. In 
this way, only valid characters will be as- 
sembled, i.e., no partial character assembly will 
occur regardless of when the RxSR became 
available during the incoming data stream. 
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[4] Short Frame (BOP/LOOP) — 
ASYNC Not used 


COP Not used 
BOP, A closing flag was received with 
LOOP missing fields in the frame. See de- 


tailed operation for BOP receiver. 


[3] BREAK End Detect (ASYNC), IDLE 
(BOP), Turnaround (LOOP) — 


ASYNC 1Xclock mode: The RxD input has re- 
turned to the marking state for atleast 
one period of the 1X receiver clock af- 
ter detecting a BREAK. 
16X clock mode: The RxD input has 
returned to the marking (High) state 
for a least one-half bit time after de- 
tecting a BREAK. Ahalf-bit time is de- 
fined as eight clock cycles of the 16X 
receiver clock. 


COP 
BOP 


Not used. 


An IDLE sequence consisting of a 
zero followed by fifteen ones was re- 
ceived. During a valid frame, an abort 
must precede an idle. However, out- 
side of a valid frame, an idle is recog- 
nized and abort is not. 


A turnaround sequence consisting of 
eight contiguous zeros was detected 
outside of an active frame. This 
should normally be used to terminate 
transmitter operation and return the 
system to the ‘echoing RxD’ mode. 


[2] BREAK Start Detect (ASYNC), SYN De- 
tect (COP), FLAG Detect (BOP/LOOP) — 


ASYNC Anall zero character, including parity 
(if specified) and first stop bit, was re- 
ceived. The receiver shall be capable 
of detecting breaks which begin in the 
middle of a previous character. Only 
a single all-zero character shall be put 
into the FIFO when a break is de- 
tected. Additional entries to the FIFO 
are inhibited until the end of break has 
been detected (see above) anda new 
character is received. 


A SYN pattern was received. Refer 
to Detailed Operation for definition of 
SYN patterns. Set one bit time after 
detection of SYN pattern in HSRH, 
HSRL. See Figure 1 for receiver data 
path. 


A FLAG frequency (01111110) was 
received. Set one bit time after FLAG 
is detected in CCSR. See Figure 1 for 
receiver data path. 


[1] Framing Error (ASYNC), CRC Error 
(COP/BOP/LOOP) — 


ASYNC Atthe first stop bit position the RxD in- 
put was in the Low (space) state. The 
receiver only checks for framing error 
at the nominal center of the first stop 
bit regardless of the number of stop 
bits programmed in TPR[7:4]. This bit 
is not set for BREAKS. 


LOOP 


COP 


BOP, 
LOOP 
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INTERNAL TxD 


COP 


BOP, 
LOOP 


INTERNAL 


DECODER 
RxD (NRZ) 


AND 
DEMULTI- 
PLEXER 


RxD 


1x RCVR CLCK 


- 


TEI) 


FLAG DETECT 


BISYNC CHARACTER 
COMPARISON LOGIC 


| | zo | | (zero veveTe) 


| 
| EEECCORE 


In BISYNC COP mode, this bit is set 
upon receipt of the BCC byte(s), if 
any, to indicate that the received BCC 
was in error. The bit is normally Fl- 
FOed with the last byte of the frame 
(the character preceding the first BCC 
byte). However, if transfer FCS to 
FIFO (RPRI[6)) is asserted, this bit is 
FlFOed with the last BCC byte. The 
value of this bit should be ignored for 
non-test messages or if the received 
frame was aborted via an ENQ. In 
non-BISYNC COP modes, the bit is 
set with each received character if the 
current value of the CRC checker is 
not equal to the non-error value (see 
CMR2[2:0)). 


This bit is set upon receipt of the 
FCS byte(s), if any, to indicate that the 
received FCS was in error. The bit is 


February 22, 1989 


Figure 1. Receiver Data Path 


normally FlFOed with the last byte of 
the | field (the character preceding the 
first FCS byte). However, if transfer 
FCS to FIFO (RPRI[6]) is asserted, 
this bit is FlFOed with the last FCS 
byte. 


[0] Parity Error (ASYNC/COP), RCL Not Zero 
(BOP/LOOP) — 


ASYNC The parity bit of the received charac- 


COP 


terwas notas expected. A parity error 
does not affect the parity bit put into 
the FIFO as part of the character 
when strip parity (RPR[3]) is negated. 


The parity bit of the received charac- 
terwas notas expected. A parity error 
does not affect the parity bit put into 
the FIFO as part of the character 
when strip parity (RPR[3]) is negated. 
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BOP, 
LOOP 


COP-SINGLE SYN, 
DUAL SYN, 
BISYNC 


BOP WITHOUT CRC 


BOP WITH CRC 


ASYNC 


TB01963S 


A SYN or other character received 
with parity error is treated as a data 
character. Thus, aSYN with parity er- 
ror received while in SYN search state 
will not establish character sync. 
Characters received with parity error 
while in the SYN search state will not 
set the error bit. 


The last character of the | field did not 
have the character length specified in 
RPR[1:0]. The actual received char- 
acter length of this byte can be read in 
TRSR[2:0]. This bit is FiFOed with 
the EOM character but TRSR[2:0] is 
not. An exception occurs if the com- 
mand to transfer the FCS to the FIFO 
is active. In this case, the bit will be FIl- 
FOed with the last byte of the FCS, 
i.e., with REOM. In the event that re- 
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sidual characters from two consecu- 
tive frames are received and are both 
in the FIFO, the length in TRSR[2:0] 
applies to the last received residual 
character. 


Transmitter/Receiver Status 
Register (TRSRA, TRSRB) 


This register informs the CPU of transmitter 
and receiver status. Bits indicated as not used 
ina paritcular mode will read as zero, except for 
bits [2:0], which may not be zero. The log- 
ical-OR of bits [7:3] is presented in GSR[2] or 
GSR[6] (ORed with the bits of RSR) for chan- 
nelsAandB, respectively. Unless otherwise in- 
dicated, asserted status bits are reset only: 


1. By performing a write operation to the sta- 
tus register with the bits to be reset being 
ones in the accompanying data word 
{7:3}. 


When the RESETN input is asserted. 


o fp 


For [7:4], when a ‘reset transmitter’ com- 
mand is issued. 


> 


. For [3:0], when a ‘reset receiver’ com- 
mand is issued. 


5. For [2:0], see description in BOP mode. 


Asserted status bits in [7:3] can be pro- 
grammed to generate an interrupt. See IER. 


[7] Transmitter Empty — Indicates that the 
transmit shift register has completed serializing 
a character and found no other character to se- 
rialize in the TxFIFO. The bit is not set until at 
least one character from the transmit FIFO (not 
including PAD characters in synchronous 
modes) has been serialized. The transmitter 
action after transmitter empty depends on op- 
erating mode: 


ASYNC The TxD output is held in the MARK 
state until another character is loaded 
into the TxFIFO. Normal operation 
then continues. 


COP Action is specified by TPR[7:6]. 
BOP, Action is specified by TPR[7:6]. 
LOOP 


[6] CTS Underrun (ASYNC/COP/BOP), Loop 
sending (LOOP) — 


ASYNC, This bit is set only if CTS enable Tx 

COP, (TPR[2]) is asserted. It indicates 

BOP that the transmit shift register was 
ready to begin serializing a character 
and found the CTSN input negated. 
In ASYNC mode, this bit will be reas- 
serted if cleared by the CPU while the 
CTSN input is negated. 


LOOP Asserted when the go active on poll 


command has been invoked and an 
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EOP sequence has been invoked and 
an EOP sequence has been de- 
tected, causing the transmitter to go 
active by changing the EOP to a 
FLAG (see Detailed Operation of 
transmitter). 


[5] Frame Complete (COP/BOP) — 
ASYNC Not used. 


COP __ Assertedatthe beginning of transmis- 
sion of the end of message sequence 
invoked by which is either a TEOM 
command, or when TPR[4] = 1, or 
TPR[7:6] = 00. The CPU can invoke 
the TSOM command after this bit is 
set to control the number of SYNs be- 
tween transmitted frames. 


Assertedat the beginning of transmis- 
sion of the end of message sequence 
which is invoked by either a TEOM 
command, or when TPR[4] = 1, or 
TPR[7:6] = 00. The CPU can invoke 
the TSOM command after this bit is 
set to control the number of FLAGs 
between transmitted frames. 

In COP/BOP modes, the frame com- 
plete status bit is set during the 
next-to-last bit (on TxD pin) of the last 
character in the data/information field. 
In BOP mode, if a 1-bit residual char- 
acter is selected through OMR([7:5], 
then this bit is set during the 
next-to-last bit (on TxD pin) of the last 
fulllength character of the information 
field. 


[4] Send Break Ack (ASYNC)/Send SOM 
ACK (COP)/Send SOM-Abort Ack (BOP — 


ASYNC Set when the transmitter begins 
transmission of abreak in response to 
the send break command. If the com- 
mand is reinvoked, the bit will be set 
again at the beginning of the next 
character time. The user can control 
the length of the break by counting 
character times through this mecha- 
nism. 


Set when the transmitter begins 
transmission of a SYN pattern in re- 
sponse to the TSOM or TSOMP com- 
mand. lf the command is reinvoked, 
the bit will be set again at the begin- 
ning of the next transmitted SYN pat- 
tern. The usercan control the number 
of SYNs which are sent through this 
mechanism. 


BOP Set when the transmitter begins 
transmission of aFLAG/ABORT in re- 
sponse to the TSOM or TSOMP or 
TABRK command. If the command is 
reinvoked, the bit will be set again at 
the beginning of the next transmitted 
FLAG/ABORT. The user can control 
the number of FLAGs/ABORTs which 
are sent through this mechanism. 
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[3] DPLL Error — Setwhile the DPLL is operat- 
ing in FM mode to indicate that a data transition 
was not detected within the detection window 
for two consecutive bits and that the DPLL was 
forced into search mode. This feature is dis- 
abled when the DPLL is specified as the clock 
source for the transmitter via TTR[6:4]. 


[2:0] Received Residual Character Length 
(BOP) — 


BOP This field should be examined to de- 
termine the length of the last charac- 
ter of the | field (character tagged with 
REOM status bit) if RSR[O] is set to in- 
dicate that the length was not equal to 
the character length specified in 
RPR[1:0]. This field is negated when 
a reset receiver or disabled receiver 
command is issued, or when the first 
control character for the next frame of 
data is in HSRL (see Figure 1). Care 
must be taken to read TRSR[2:0] be- 
fore these bits are cleared. 


[1] Receiver in Hunt Mode (COP) — 


COP This bit is asserted after the receiver 
is reset or disabled. It indicates that 
the receiver is in the hunt mode, 
searching the data stream for a SYN 
sequence to establish character syn- 
chronization. The bit is negated auto- 
matically when character sync is 
achieved. 


[0] Receiver in Transparent Mode (BISYNC) 


COP Indicates that a DLE-STX sequence 
was received and the receiver is oper- 
ating in BISYNC transparent mode. 
Set two bit times after detection of 
STX in HSRL. See Figure 1 for re- 
ceiver data path. Transparent mode 
operation is terminated and the bit is 
negated automatically when one of 
the terminators for transparent text 
mode is received (DLE-ETX/ETB/ 
ITB/ENQ). 


Input and Counter/Timer Status 
Register (ICTSRA, ICTSRB) 


This register informs the CPU of status of the 

counter/timer and inputs. The logical-OR of 

bits [6:4] is presented in GSR[3] or GSR[7] for 

Channels A and B, respectively. Unless other- 

wise specified, bits of this register are reset 

only: 

1. By performing a write operation to the sta- 
tus register with the bits to be reset (ones 
in the accompanying data word for bits 
[6:4] only). 


2. When the RESETN input is asserted (bits 
[7:4]) only. 


[7] Counter/Timing Running — Set when the 
C/T is started by start C/T command and reset 
when it is stopped by a stop C/T command. 
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[6] Counter/Timer Zero Detect — Set when 
the counter/timer reaches zero count, or when 
the bit length measurement is enabled (CTCR 
[2:0] = 011) and the RxD input has returned 
High. The assertion of this bit causes an inter- 
rupt to be generated if |CTCR[7] and the chan- 
nel's master interrupt enable (ICR[1] or ICR[O}) 
are asserted. 


[5] Delta DCD — The DCD inputis sampled ap- 


proximately every 6.8L1s using the 32X, 4800 
baud output from the BRG. After synchronizing 
with the sampling clock, at least two consecu- 
tive samples at the same level are required to 
establish the level. As a consequence, a 
change of state at the DCD input, lasting at 


least 17s, will set this bit. The reset circuitry 
initializes the sampling circuits so that achange 
is not falsely indicated at power on time. The 
assertion of this bit causes an interrupt to be 
generatedif|ER[7] and the channel's master in- 
terrupt enable (ICR[1] or |CR[0]) are asserted. 


[4] Delta CTS/LC — When not in loop mode, 
the CTS input is sampled approximately every 


6.8L1s using the 32X, 4800 baud output form the 
BRG. After synchronizing with the sampling 
clock, at least two consecutive samples at the 
same level are required to establish the level. 
As a consequence, a_ change of state at the 


CTS input, lasting atleast 17s, will set this bit. 
The reset circuitry initializes the sampling cir- 
cuits so that a change is not falsely indicated at 
power on time. The assertion of this bit causes 
an interrupt to be generated if IER[7] and the 
channel's master interrupt enable (ICR[1] or 
ICR[O]) are asserted. 


In SDLC loop mode, this bit is set upon transi- 
tions of the LC output. LC is asserted in re- 
sponse to the ‘go on-loop’ command when the 
receiver detects a zero followed by seven ones, 
and negated in response to the ‘go off-loop’ 
command when the receiver detects a se- 
quence of eight ones. 

[3:2] State of DCD and CTS — ICTSRx{3] re- 
flects the state of the DCDXN input pin, while 
ICTSRx[2] reflects the state of CTSxN. When 
the bits are 0, the inputs are High, when they 
are 1, the pins are Low. 


[1:0] Current State of GPI2 and GPli — 
These fields provide the current state of the 
channels general purpose input pins. The bits 
valve are latched at the beginning of the read 
cycle. 


Interrupt Vector Register (IVR) 
and Modified Vector Register 
(IVRM) 


[7:0] Register Content — If ICR[2] = 0, the 
content of |VR register is outputon the data bus 
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when the DUSCC has issued an interrupt re- 
quest and the responding interrupt acknowl- 
edge (IACKN) is received. The value in the |VR 
is initialized to H'OF’ on master reset. If ‘vector 
includes status’ is specified by ICR[2] = 1, bit 
[2:0) or [4:2] (depending on ICR[3]), of the vec- 
tor are modified as shown in Table 9 to indicate 
the highest priority interrupt currently active. 
The priority is programmable through the ICR. 
This modified vector is stored in the IVRM. 
When ICR[2] = 1, the content of the |VRMis out- 
put on to the data bus on the interrupt acknowl- 
edge. The vector is not modified, regardless of 
the value of ICR[2], if the CPU has not written 
an initial vector into this register. 


Either the modified or unmodified: vector can 
also be read by the CPU via a normal bus read 
cycle (see Table 1). The vector value is locked 
at the beginning of the IACK or read cycle until 
the cycle is completed. If no interrupt is pend- 
ing, an H'FF’ is output when reading the |VRM 
or the IVR. 


Interrupt Control Register (ICR) 


[7:6] Channel A/B Interrupt Priority — 
Selects the relative priority between Channels 
AandB. Thestate of this bitdetermines the val- 
ue of the interrupt vector (see Interrupt Vector 
Register). The priority within each channel, 
from highest to lowest, is as follows: 


0 Receiver ready. 

1 Transmitter ready 

2 Rx/Tx status. 

3 External or C/T status. 


00 Channel A has the highest priority. 
The DUSCC interrupt priorities from 
highest to lowest are as follows: A(0), 
A(1), A(2), A(3), B(O), B(1), B(2), B(3). 


01 Channel B has the highest priority. 
the DUSCC interrupt priorities from 
highest to lowest are as follows: B(0), 
B(1), B(2), B(3), A(O), A(1), A(2), A(3). 


10 Priorities are interleaved between 
channels, but Channel A has the high- 
est priority between events of equal 
channel priority. The DUSCC inter- 
rupt priorities from highest to lowest 
are as follows: A(0), B(O), A(1), B(1), 
A(2), B(2), A(3), B(3) 


11 Priorities are interleaved between 
channels, but Channel B has the high- 
est priority between events of equal 
channel priority. The DUSCC inter- 
rupt priorities from highest to lowest 
are as follows: B(0), A(0), B(1), A(1), 
B(2), A(2), B(3), A(3). 
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Table 8. ‘Interrupt Status 


Encoding 


HIGHEST PRIORITY 
INTERRUPT CONDITION 


Channel A receiver ready 
Channel A transmitter ready 


Channel A Rx/Tx status 
Channel A external or C/T status 
Channel B receiver ready 
Channel B transmitter ready 
Channel B Rx/Tx status 
Channel B external or C/T status 


[5:4] Vector Mode — The value of this field de- 
termines the response of the DUSCC when the 
interrupt acknowledge (IACKN) is received 
from the CPU. 


00 Vectored mode. Upon interrupt 

or acknowledge, the DUSCC locks its 
01 current interrupt status until the end 
or of the acknowledge cycle. If it has an 
10 active interrupt pending, it responds 


with the appropriate vector and then 
asserts DTACKN. Ifit does not have 
an interrupt, it propagates the ac- 
knowledge through its X2/IDCN out- 
put if this function is programmed in 
PCRA|[7]. Otherwise, the IACKN is ig- 
nored. Locking the interrupt status at 
the leading edge of IACKN prevents 
a device at High position in the inter- 
rupt daisy chain from responding to 
an IACK issued for a lower priority de- 
vice while the acknowledge is being 
propagated to that device. 


11 Non-vectored mode. The DUSCC ig- 
nores an |ACK if one is received; the 
interrupt vector is not placed on the 
databus. The internal interrupt status 
is locked when a read of the IVR or 
IVRM is performed. Except forthe ab- 
sence of the vector on the bus, the 
DUSCC performs as it does in vec- 
tored mode — the vector is prioritized 
and modified if programmed. 


[3] Vector Bits to Modify — Selects which bits 
of the vector stored in the |VR are to be modified 
to indicate the highest priority interrupt pending 
in the DUSCC. See Interrupt Vector Register. 


0 Modify bits 2:0 of the vector. 
1 Modify bits 4:2 of the vector. 


[2] Vector Includes Status — Selects wheth- 
er the modified (includes status) (IVRM) or un- 
modified vector (IVR) is output in response to 
an interrupt acknowledge (see Interrupt Vector 
Register). 
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) Unmodified vector. 
1 Modified vector. 


[1] Channel A Master Interrupt Enable — 


0 Channel A interrupts are disabled. 


1 Channel A interrupts are enabled. 
[0] Channel B Master Interrupt Enable — 


0 Channel B interrupts are disabled. 


1 Channel B interrupts are enabled. 


General Status Register (GSR) 

This register provides a ‘quick look’ at the over- 
all status of both channels of the DUSCC. A 
write to this register with 1s at the correspond- 
ing bit positions causes TxRDY (bits 5 and 1) 
and/or RxRDY (bits 4 and 0) to be reset. The 
other status bits can be reset only by resetting 
the individual status bits that they point to. 


[7] Channel B External or Coutner/Timer 
Status — This bit indicates that one of the fol- 
lowing status bits is asserted: ICTSRB[6:4]. 


[6] Channel B Receiver or Transmitter 
Status — This bit indicates that one of the fol- 
lowing status bits is asserted: RSRB[7:)], 
TRSRB[7:3]. 


[5] Channel B Transmitter Ready — The as- 
sertion of this bit indicates that one or more 
characters may be loaded into the Channel B 
transmitter FIFO to be serialized by the transmit 
shiftregister. See description of OMR[4]. This 
bit can be asserted only when the transmitter is 
enabled. Disabling or resetting the transmitter 
negates TxRDY. 


[4] Channel B Receiver Ready — The asser- 
tion of this bitindicates that one or more charac- 
ters are available in the Channel B receiver 
FIFO to be read by the CPU. See description 
of OMR[3]. RxRDY is initially reset (negated) 
by a chip reset or when a ‘reset Channel B re- 
ceiver’ command is invoked. 


[3] Channel A External or Counter/Timer 
Status — This bit indicates that one of the fol- 
lowing status bits is asserted: ICTSRA[6:4]. 


[2] Channel A Receiver or Transmitter Sta- 
tus — This bit indicates that one of the following 
status bits is asserted: RSRA[7:0], 
TRSRA|7:3]. 


[1] Channel A Transmitter Ready — The as- 
sertion of this bit indicates that one or more 
characters may be loaded into the Channel A 
transmitter FIFO to be serialized by the transmit 
shift register. See description of OMR[4]. This 
bit can be asserted only when the transmitter is 
enabled. Disabling or resetting the transmitter 
negates TxRDY. 
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[0] Channel A Receiver Ready — The asser- 
tion of this bit indicates that one or more charac- 
ters are available in the Channel A receiver 
FIFO to be read by the CPU. See description 
of OMR[3]. RxRDY is initially reset (negated) 
by a chip reset or when a ‘reset Channel A re- 
ceiver’ command is invoked. 


Channel Command Register (CCRA, 
CCRB) — Commands to the DUSCC are en- 
tered through the channel command register. 
The format of that register is shown in Table 9. 
A read of this register returns the last invoked 
command (with bits 4 and 5 set to 1). 


Transmitter Commands 


0000 Reset transmitter. Causes the trans- 
mitter to cease operation immediate- 
ly. The transmit FIFO is cleared and 
the TxD output goes into the marking 
state. Also clears the transmitter sta- 
tus bits (TRSR[7:4]) and resets the 
TxRDY status bit (GSR[1] or GSR[5] 
for Channels A and B, respectively). 
The counter/timer and other registers 
are not affected. 


0001 Resesttransmit CRC. This command 
is appended to and FIFOed along with 
the next character loaded into the 
transmit FIFO. Itcauses the transmit- 
ter CRC generator to be reset to its ini- 
tial state prior to beginning 
transmission of the appended charac- 
ter. 


0010 Enabletransmitter. Enables transmit- 
ter operation, conditioned by the state 
of the CTS ENABLE Tx bit, TPR[2]. 
Has no effect if invoked when the 
transmitter has previously been en- 


abled. 


Disable transmitter. Terminates trans- 
mitter operation and places the TxD 
output in the marking state at the next 
occurrence of a transmit FIFO empty 
condition. All characters currently in 
the FIFO, or any loaded subsequently 
prior to attaining an empty condition, 
will be transmitted. 


0011 


0100 Transmit start of message. Used in 
COP and BOP modes to initiate trans- 
mission of a frame after the transmit- 
teris first enabled, prior to sending the 
contents of the FIFO. Can also be 
used to precisely control the number 
of SYN/FLAGs at the beginning of 
transmission or in between frames. 


When the transmitter is first enabled, 
transmission will not begin untill this 
command (or the transmit SOM with 
PAD command, see below) is issued. 
The command causes the SYN 
(COP) or FLAG (BOP) pattern to be 
transmitted. SEND SOM ACK 
(TRSRI[4]) is set when transmission of 
the SYN/FLAG begins. The CPU 
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0101 


0110 


may then reinvoke the command if 
multiple SYN/FLAGs are to be trans- 
mitted. Transmission of the FIFO 
characters begin when the command 
is no longer invoked. If the FIFO is 
empty, SYN/FLAGs continue to be 
transmitted until a character is loaded 
into the FIFO, but the status bit 
(TRSRA[4]) is not set. Insertion of 
SYN/FLAGs between frames can be 
accomplished by invoking this com- 
mand after the frame complete status 
bit (TRSR[5]) has been assertedin re- 
sponse to transmission of the end-of 
message sequence. 


Transmit start of message with open- 
ing PAD. Used in COP and BOP 
modes after the transmitter is first en- 
abled to send a bit pattern for DPLL 
synchronization prior to transmitting 
the opening SYN (COP) or FLAG 
(BOP). the SYN/FLAG is sent at the 
next occurrence of a transmit FIFO 
empty condition. All characters cur- 
rently in the FIFO, or any loaded sub- 
sequently prior to attaining an empty 
condition, will be transmitted. While 
the PAD characters are transmitted, 
the character length is set to 8 bits, 
(regardless of the programmed 
length), and parity generation (COP), 
zero insertion (BOP) and LRC/CRC 
accumulation are disabled. SEND 
SOM ACK (TRSR[4]) is set when 
transmission of the SYN/FLAG be- 
gins. The CPU may then invoke the 
transmit SOM command if multiple 
SYN/FLAGs are to be transmitted. 


The TSOM/TSOMP commands, de- 
scribed above, are sampled by the 
controller in alternate bit times of the 
transmitter clock. As aconsequence, 
the first bit time of a COP/BOP frame 
will be transmitted on the TxD pin, af- 
tera maximum of three bit times, after 
the command is issued. (The addi- 
tional 1-bit delay in the data path is 
due to the data encoding logic.) 


Transmitend-of-message. This com- 
mand is appended to the next charac- 
ter loaded into the transmit FIFO. It 
causes the transmitter to send the 
end-of message sequence (selected 
FCS in COP modes, FCS-FLAG in 
BOP modes) after the appended 
character is transmitted. Frame com- 
plete (TRSR[5]) is set when transmis- 
sion of the FCS begins. This 
command is also asserted automati- 
cally ifthe TEOM on zero countor one 
control bit (TPR[4]) is asserted, and 
the counter/timer is programmed to 
count transmitted characters when 
the character which causes the count 
to go to zero is loadedinto the transmit 
FIFO. TEOM is not recognized if the 
transmitter FIFO is full. 
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1000 


1001 


Transmit Abort BOP/Transmit Break 
ASYNC. In BOP modes, causes an 
abort (eight ones) to be transmitted 
after transmission of the character 
currently in the shift register is com- 
pleted. The transmitter then sends 
MARKs or FLAGs depending on the 
state of underrun control (TPR[7:6)). 
Send SOM/abort ack (TRSR[4)]) is set 
when the transmission of the abort 
begins. If the command is reasserted 
before transmission of the previous 
ABORT is completed, the process will 
be repeated. This can be used to 
send the idle sequence. The ‘transmit 
SOM’ command must be used to initi- 
ate transmission of a new message. 
In either mode, invoking this com- 
mand causes the transmit FIFO to be 
flushed (characters are not trans- 
mitted). 


In ASYNC mode, causes a break 
(space) to be transmitted after trans- 
mission of the character currently in 
the shift register is completed. Send 
break ack (TRSR[4]) is set when the 
transmission of the break begins. The 
transmitter keeps track of character 
times. If the command is reasserted, 
send break ack will be set again at the 
beginning of the next character time. 
The user can use this mechanism to 
control the length of the break in char- 
acter time multiples. Transmission of 
the break is terminated by issuing a 
‘reset Tx' or ‘disableTx’ command. 


Transmit DLE. Used in COP modes 
only. This command is appended to 
and FiFOed with the next character 
loaded into the transmitter FIFO. It 
causes the transmitter to senda DLE, 
(EBCDIC H'10', ASCII H'‘10’) prior to 
transmitting the appended character. 
If the transmitter is operating in BI- 
SYNC transparent mode, the trans- 
mitter control logic automatically 
causes a second DLE to be trans- 
mitted whenever a DLE is detected at 
the top of the FIFO. In this case, the 
TDLE command should not be in- 
voked. An extra (third) DLE, however, 
will not be sent if the transmit DLE 
command is invoked. 


Go active on poll. Used in BOP loop 
mode only. Causes the transmitter, if 
it is enabled, to begin sending when 
an EOP sequence consisting of a 
zero followed by seven ones is de- 
tected. The last one of the EOP is 
changed to zero, making it another 
FLAG, and then the transmitter oper- 
ates as described in the detailed oper- 
ation section. The loop sending 
status bit (TRSRI[6]) is asserted con- 
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1010 


1011 


1100 


1101 


current with the beginning of trans- 
mission. 


Reset go active on poll. Clears the 
stored ‘go active on poll’ command. 


Go on-loop. Used in BOP loop mode 
to control the assertion of the LCN 
output. This output provides the 
means of controlling external loop in- 
terface hardware to go on-loop and 
off-loop. When the command is as- 
serted, the DUSCC will look for the re- 
ceipt of a zero followed by seven 
ones, at which time it will assert the 
LCN outputand set the delta DCD/LC 
status bit (ICTSR[4]). This allows the 
DUSCC to break into the loop without 
affecting loop operation. ' This com- 
mand must be used to initiate loop 
mode operation. 


Go off-loop. Used in BOP loop mode 
to control the negation of the LCN out- 
put. This output provides the means 
of controlling external loop interface 
hardware to go on-loop and off-loop. 
When the command is asserted, the 
DUSCc will look for the receipt of eight 
contiguous ones, at which time it will 
negate the LCN output and set the 
delta DCD/LC status bit (ICTSR[4]). 
This allows the DUSCC to get off the 
loop operation. This commandis nor- 
mally used to terminate loop mode 
operation. 


Exclude from CRC. This command is 
appended to and FiFOed along with 
the next character loaded into the 
transmit FIFO. It causes the transmit- 
ter CRC generator to be disabled 
while the appended character is being 
transmitted. Thus, that character is 
not included in the CRC accumula- 
tion. 


Receiver Commands 


0000 


0001 
0010 


Reset Receiver. Causes the receiver 
to cease operation, clears the receiv- 
er FIFO, clears the data path, and 
clears the receiver status (RSR[7:0], 
TRSRA[3:0], and either GSR[O] or 
GSR[4] for Channels A and B, respec- 
tively). The counter/timer and other 
registers are not affected. 


Reserved. 


Enable receiver. Causes receiver op- 
eration to begin, conditioned by the 
state of the DCD ENABLED Rx bit, 
RPR[2]. Receiver goes into START, 
SYN, or FLAG search mode depend- 
ing on channel protocol mode. Has no 
effect if invoked when the receiver 
has previously been enabled. 
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0011 Disable receiver. Terminates opera- 
tion of the receiver. Any character 
currently being assembledwill be lost. 
Does not affect FIFO or any status. 
While in COP mode, disabling the re- 
ceiver does not clear the data path; in 


all other cases, it does. 


Counter/Timer Commands 


0000 Start. Starts the counter/timer and 


prescaler. 


0001 Stop. Stops the counter/timer and 
prescaler. Since the command may 
be asynchronous with the selected 
clock source, the counter/timer and/ 
or prescaler may count one or more 


additional cycles before stopping. 


Preset to FFFF. Presets the counter 
timer to H‘FFFF' and the prescaler to 
its initial value. This command 
causes the C/T output to go Low. 


Preset from CTPRH/CTPRL. Trans- 
fers the current value in the counter/ 
timer preset registers to the 
counter/timer and presets the pres- 
caler to its initial value. This com- 
mand causes the C/T output to go 
Low. 


0010 


0011 


Digital Phase-Locked Loop 
Commands 


0000 ~=Enter Search Mode. This command 
causes the DPLL counter to be set to 
the value 15 and the clock output will 
be forced Low. The counter will be 
disabled until a transition on the data 
line is detected, at which point it will 
start incrementing. After the counter 
reaches a count of 31, it will reset to 
zero and cause the clock output to go 
from Low to High. The DPLL will then 
continue normal operaton. This al- 
lows theDPLL to be locked onto the 
data without pre-frame transitions. 
This cornmand should not be used if 
the DPLL is programmed to supply 
the clock for the transmitter is active. 


0001 Disable DPLL. Disables operation of 


the DPLL. 


Set FM Mode. Sets the DPLL to the 
FM mode of operation, used when 
FMO, FM1, or Manchester (NMRZ) is 
selected by CMR1[7:6]. 


SetNRZI Mode. Sets the DPLL to the 
NRZI mode of operation, used when 
NRZ or NRZI is’ selected by 
CMR1[7:6]. 


Reserved for test. 


0010 


0011 


0100 


0101 Reserved for test. 
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Table.9 | Command Register Bit Format 
CHANNEL COMMAND REGISTER 


BIT7 BIT 6 BIT 5 BIT 4 BIT3 BIT 2 BIT 0 


01 = 
Receiver CMD 


10 = 
C/T CMD 


t= 
DPLL CMD 


DETAILED OPERATION 

Interrupt Control 

A single interrupt output (IRQN) is provided 
which is activated upon the occurrence of any 
of the following conditions: 


Channel A external or C/T special condition 
Channel B external or C/T special condition 
Channel A Rx/Tx error or special condition 
Channel B Rx/Tx error or special condition 
Channel A TxRDY 

Channel B TxRDY 

Channel A RxRDY 

Channel B RxRDY 


Each of the above conditions occupies a bit in 
the General Status Register (GSR). If ICR[2] 
is set, the eight conditions are encoded into 
three bits which are inserted into bits [2:0] or 
[4:2] of the interrupt vector register. This forms 
the content of the IVRM during an interrupt ac- 
knowledge cycle. Unmodified and modified 
vectors can read directly through specified reg- 
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(CCRA, CCRB) Transmitter Command 
0000 —__—ireset Tx 
0001— reset TxCRC* 
0010— _ enable Tx 
0011— disable Tx 
0100— transmit SOM (TSOM) 
0101— _ transmit SOM with PAD (TSOMP) 
00 = don't don't 0110 — __ transmit EOM (TEOM)* 
Transmitter CMD care care 0111 — transmit ABORT/BREAK (TABRk) 
1000 — transmit DLE (TDLE)* 
1001— go active on poll 
1010— _ reset go active on poll 
1011— goon-loop 
1100 —__ go off-loop 
1101— exclude form CRC* 


don't don’t 
care care 
don't don't 
care care 


don't don't 
care care 


isters. Two of the conditions are the inclusive 

OR of several other maskable conditions: 

— External or C/T special condition: Delta 
DCD, Delta CTS or C/T zero count 
(ICTSRI[6:4)). 

— Rx/Tx error or special condition: any condi- 
tion in the Receiver Status Register 
(RSR[7:0]) or a transmitter or DPLL condi- 
tion in the Transmitter and Receiver Status 
Register (TRSR[7:3]). 


The TxRDY and RxRDY conditions are defined 
by OMR[4] and OMR{3], respectively. Also as- 
sociated with the interrupt system are the Inter- 
rupt Enable Register (IER), one bit in the 
Counter/Timer Control Register (CTCR), and 
the Interrupt Control Register (ICR). 


The IER is programmed to enable specified 
conditions or groups of conditions to cause an 
interrupt by asserting the corresponding bit. A 
negated bit prevents an interrupt from occur- 
ring when the condition is active and hence 
masks the interrupt. In addition to the IER, 
CTCRI[7] could be programmed to enable or 
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0000 — 


0001— _ reserved 

0010— enable Rx 

0011— disable Rx 
Counter/Timer Command 

0000 — _ start 


0001 — 
0010 — 
0011 — 


DPLL Command 


Receiver Command 
reset Rx 


stop 
preset to FFFF 
preset from CTPRH/CTPRL 


enter search mode 
disable DPLL 

set FM mode 

set NRZ!| mode 


reserved for test 
reserved for test 


disable an interrupt upon the C/T zero count 
condition. The interrupt priorities within achan- 
nel are fixed. Priority between channels is con- 
trolled by ICR[7:6]. Refer to Table 8 and 
ICR[7:6]. 


The ICR contains the master interrupt enables 
for each channel (ICR[1] andIiCR[0]) which 
must be set if the corresponding channel is to 
cause an interrupt. The CPU vector mode is 
specified by ICR[5:4] which selects either vec- 
tored or non-vectored operation. If vectored 
mode is selected, the content of the IVR or 
|VRM is placed on the data bus when IACK is 
activated. If ICR[2] is set, the content of IVRM 
is output which contains the content of |\VR and 
the encoded status of the interrupting condi- 
tion. 


Upon receiving an interrupt acknowledge, the 
DUSCC locks its current interrupt status until 
the end of the acknowledge cycle. If it has an 
active interrupt pending, it responds with the 
appropriate vector and then asserts DTACKN. 
If it does not have an interrupt, it propagates the 
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acknowledge through its X2/IDCN output if this 
function is programmed in PCRA|7]; otherwise, 
the IACKN is ignored. Locking the interrupt sta- 
tus at the leading edge of IACKN prevents ade- 
vice at a High position in the interrupt daisy 
chain from responding to an IACK issued for a 
lower priority device while the acknowledge is 
being propagated to that device. 


DMA Control 

The DMA control section provides the interface 

to allow the DUSCC to operate with an external 

DMA controller. One of four modes of DMA can 

be programmed for each channel independent- 

ly via CMR2[5:3]: 

— Half-duplex single address. In this mode, a 
single pin provides both DMA read and 
write requests. Acknowledgement of the 
requests is via a single DMA acknkowledge 
pin. The data transfer is accomplished in a 
single bus cycle — the DMA controller 
places the memory address of the source 
or destination of the data on the address 
bus and then issues the acknowledge sig- 
nal, which causes the DUSCC to either 
write the data into its transmit FIFO (write 
request) or to output the contents of the top 
of the recieve FIFO (read request). The 
cycle is completed when the DTCN input is 
asserted by the DMA controller. This mode 
can be used when channel operation is 
half-duplex (e.g., BISYNC) and allows a 
single DMA channel to service the receiver 
and transmitter. The receiver and trans- 
mitter should not be enabled at the same 
time when half-duplex mode is pro- 
grammed. 


— Half-duplex dual address. In this mode, a 
single pin provides both DMA read and 
write requests. Acknowledgement of the 
requests is via normal bus read and write 
cycles. The data transfer requires two bus 
cycles — the DMA controller acquires the 
data from the source (memory for a Tx 
DMA or DUSCC for a Rx DMA) on the first 
cycle and deposits it at the destination 
(DUSCC for a Tx DMA or memory for a Rx 
DMA) on the second bus cycle. This mode 
is used when channel operation is half-du- 
plex (e.g., BISYNC) and allows a single 
DMA channel to service the receiver and 
transmitter. 


Table 10. 


FUNCTION 
DMA 


RTxDRQN 


RCVR REQ 
TRAN REQ 
RCVR ACK 
TRAN ACK 


RTxDAKN 
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Same as RCVR REQ 
Same as RCVR ACK 


— Full-duplex single address. This mode is 
similar to half-duplex single address mode 
but provides separate request and ac- 
knowledge pins for the receiver and trans- 
mitter. 


— Full-duplex dual address. This mode is 
similar to half-duplex dual address mode 
but provides duplex dual address mode 
and provides separate request pins for the 
receiver and transmitter 


Figures 4 through 7 describe operation of the 
DUSCC in the various DMA environments. 
Table 10 summarizes pins used for the DMA re- 
quest and acknowledge function for the trans- 
mitter and receiver for the different DMA 
modes. 


The DMA request signals are functionally iden- 
tical to the TxRDY and RxRDY status signals 
for each serial channel except that the DMA re- 
quest signals are negated on the leading edge 
of the acknowledge signal when the subse- 
quent transfer causes the FIFO to become full 
(transmitter request) or empty (receiver re- 
quest). 


Innon-DMA operation TxRDY and RxRDY sig- 
nals are automatically negated only after the 
transfer is completed. The DMA read request 
can be programmed through OMR|3] be as- 
serted either when any character is in the re- 
ceive FIFO or only when the receive FIFO is 
full. Likewise, the DMA write request can be 
programmed through OMR|4] to be asserted 
either when the transmit FIFO is not full or only 
when the transmit FIFO is empty (The transmit- 
ter must be enabled fora DMA requestto be as- 
serted). The request signals are automatically 
negated when the respective data transfer 
cycle is completed and the FIFO becomes full 
(transmitter request) or empty (receiver re- 
quest). Ifa transfer is completed and the FIFO 
is not left full (transmitter) or empty (receiver), 
the request stays Low. The request may be ne- 
gated by the CPU with a status reset write 
cycle. (Although DONEN terminates all DMA 
transfers, it has no effect on the requests. The 
requests are a function of the FIFO status, but 
they can be negated by writing into the GSR.) 
When the serial channel is not operating in 


DMA REQ and ACK Pins for Operational Modes 


HALF DUPLEX 
SINGLE ADDR 


HALF DUPLEX 
DUAL ADDR 
DMA 


RTxDRQN 

Same as RCVR REQ 
Normal read RCVR FIFO 
Normal write TRAN FIFO 
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FULL DUPLEX 
SINGLE ADDR 


RTxDRQN 
TxDRQN 
RTxDAKN 
TxDAKN 


DMA mode, the request and acknowledge pins 
for the channel can be programmed for other 
functions (see Pin Descriptions). 


DMA DONEN Operation 

As an input, DONEN is asserted by the DMA 
controller concurrent with the corresponding 
DMA acknowledge to indicate to the DUSCC 
that the character being transferred into the 
TxFIFO is the last character of the transmission 
frame. In synchronous modes, the DUSCC can 
be programmed through TPR[4] to automati- 
cally transmit the frame termination sequence 
(e.g., FCS-FLAG in BOP mode) upon receipt of 
this signal. 


As an output, DONEN is asserted by the 

DUSCC under the following conditions: 

a. In response to the DMA acknowledge for 
a receiver DMA request if the FiFOed RE- 
CEIVED EOM status bit (RSR[7)) is set 
for the character being transferred. 


b. In response to the DMA acknowledge for 
a receiver DMA request if the counter/tim- 
er has been programmed to count trans- 
mitted characters and the terminal count 
has occurred. 


Block Transfers Using DTACK 

The DTACKN line may be used to synchronize 
data transfers to and from the DUSCC utilizing 
a‘wait’ state. Either the receive or the transmit- 
ter or both may be programmed for this mode 
of operation, independently for each channel, 
via CMR2[5:3]. 


In this mode, if the CPU attempts a write to the 
transmit FIFO and an empty FIFO position is 
not available, the DTACKN line will remain ne- 
gated until a position empties. The data will 
then be written into the FIFO and DTACKN will 
be asserted to signify that the transfer is com- 
plete. 


Similarly, a read of an empty receive FIFO will 
be held off until data is available to be trans- 
ferred. Potentially, this mode cancause the mi- 
crocomputer system to hang up if, for example, 
a read request was made and no further data 
was available. 


FULL DUPLEX 
DUAL ADDR 
DMA 


RTxDRQN 

TxDRQN 

Normal read RCVR FIFO 
Normal write TRAN FIFO 


DMA 
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Timing Circuits 

The timing block for each channel consists of a 
crystal oscillator, a Bit Rate Generator (BRG), 
a Digital Phase-Locked Loop (DPLL) and a 
16-bit Counter/Timer (C/T) (see Figure 8). 


Crystal Oscillator 

The crystal oscillator operates directly from a 
crystal (normally 14.7456MHz if the internal 
BRG is to be used) connected across the 
X1/CLK and X2/IDCN pins with a minimum of 
externalcomponents. If an external clock of the 
appropriate frequency is available, it may be 
connected to the X1/CLK pin. This signal is di- 
vided by two to provide the internal system 
clock. 


Bit Rate Generator 

The BRG operates from the oscillator or exter- 
nal clock and is capable of generating 16-bit 
rates. These are available to the receiver, 
transmitter, DPLL, and C/T. The BRG outputis 
at 32X the base bit rate. Since all sixteen rates 
are generated simultaneously, each receiver 
and transmitter may select its bit rate indepen- 
dently. The transmitter and receiver timing reg- 
isters include a 4-bit field for this purpose 
(TTR[3:0], RTR[3:0]). 


Digital Phase-Locked Loop 

Each channel of the DUSCC includes a DPLL 
usedin synchronous modes to recover clock in- 
formation from a received data stream. The 
DPLL is driven by aclock at nominally 32 times 
the data rate. This clock can be programmed, 
via RTR[7:4], to be supplied from an external in- 
put, from the receiver BRG, from the C/T, or di- 
rectly from the crystal oscillator. 


The DPLL uses this clock, along with the data 
stream to construct a data clock which may 


FIRST 


| CHARACTER 


then be used as the DUSCC receive clock, 
transmit clock, or both. The output of the DPLL 
is a square wave at 1X the data rate. The 
derived clock can also be programmed to be 
outputon a DUSCC pin; only the DPLL receiver 
output clock is available at the TRxC pin. Four 
commands are associated with DPLL opera- 
tion: Enter search mode, set FM mode, set 
NRZI mode, and disable DPLL. The com- 
mands are described in the Command Register 
Description. Waveforms associated with the 
DPLL are illustrated in Figure 9. 


DPLL NRZI Mode Operation — This mode is 
used with NRZ and NRZI data encoding. With 
this type of encoding, the transitions of the data 
stream occur at the beginning of the bit cell. 
The DPLL has a six-bit counter which is increm- 
ented by a 32X clock. The first edge detected 
during search mode sets the counter to 16 and 
begins operation. The DPLL output clock then 
rises at a count of 0 and falls at 16. Data is 
sampled on the rising edge of the clock. When 
a transition in the data stream is detected, the 
count length is adjusted by one or two counts, 
depending on the counter value when the tran- 
sition occurs (see Table 11). A transition detec- 
tion at the roll-over point (third column in Figure 
11) is treated as a transition occurring at zero 
count. 


The count length adjustments cause the rising 
edge of the DPLL output block to converge to 
the nominal center of the bit cell. In the worst 
case, which occurs when a DPLL pulse is coin- 
cident with the data edge, the DPLL converges 
after 12 data transitions. 


For NRZ encoded data, a stream of alternating 
Ones and zeros should be used as a synchro- 


nizing pattern. For NRZI encoded data, a 
stream of zeros should be used. 


NRZI Mode Count 
Length 


Table 11. 


COUNTER 
RESET 
AFTER 
COUNT 

REACHES 


COUNT 
LENGTH 
ADJUST- 

MENT 


COUNT WHEN 
TRANSITION 
DETECTED 


0—7 

8 — 15 

16 — 23 

24 — 30 

None detected 


DPLL FM Mode Operation — FM operation is 
used with FMO, FM1, and Manchester data en- 
coding. With this type of encoding, transitions 
in the data stream always occur at the begin- 
ning of the bit cell for FMO and FM1, or atthe 
center of the bit cell for Manchester. The DPLL 
6-bit counter is incremented by a 32X clock. 
The first edge detected during search mode 
sets the counter to 16 and begins operation. 
The DPLL receiver clock then rises on acount 
of 8 and falls on 24. (The DPLL transmitter 
clock output falls on a count of 16. It rises on 
a countofOif atransition has been detected be- 
tween count of 16 and 23. For other cases, it 
rises 1/2 count of the 32X input clock sooner.) 
This provides a 1X clock with edges positioned 
at the nominal centers of the two halves of the 
bit cell. The transition detection circuit is en- 
abled between counts of 8 and 23, inclusive. 
When a transition is detected, the countlength 
is adjusted by one, depending on when the 
transition occurs (see Table 12). 


, 
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RSR2 STATUS BIT RSR2 SET) RESET BY CPU 


| 

(SYNC INPUT COINCIDENT (SUBSEQUENT 
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i] 


IGNORED) 


(1x Rx CLOCK) 
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Figure 2. External Sync Mode 
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If a transition is not detected for two consecu- 
tive data bits, the DPLL is forced into search 
mode and the DPLL error status bit (TRSR[3]) 
is asserted. This feature is disabled when the 
DPLL output is used only as the transmitter 
clock. 


To prevent the DPLL from locking on the wrong 
edges of the data stream, an opening PAD se- 
quence should be transmitted. For FMO, a 
stream of atleast 16 ones should be sent initial- 
ly. For FM1, a minimum stream of 16 zeros 
should be sent and for Manchester encoding 
the initial data stream should consist of alter- 
nating ones and zeros. 


Table 12. FM Mode Count 


Length 


COUNTER 
RESET 
AFTER 
COUNT 

REACHES 


COUNT WHEN | COUNT 
LENGTH 

TRANSITION | Ab car 
DETECTED - 


8— 15 
16 — 23 
24—7 


Disabled 
None detected 0 


Counter/Timer 

Each channel of the DUSCC contains a Coun- 
ter/Timer (C/T) consisting of a 16-bit down 
counter, a 16-bit preset register, and asso- 
ciated control circuits. Operation of the coun- 
ter/timer is programmed via the Counter/Timer 
Control Register (CTCR). There are also four 
commands associated with C/T operation, as 
described in the Command Description sec- 
tion. 

The C/T clock source, clock prescaling, and op- 
erating mode are programmed via CTCR[2:0], 
CTCRI[4:3], and CTCRI[6], respectively. The 
preset register is loaded with minimum of 2 by 
the CPU and its contents can be transferred 
into the down counter by a command, or auto- 
matically upon reaching terminal count if 
CTCR[6] is negated. Commands are also 
available to stop and start the C/T and to preset 
it to an initial value of FFFF. Counting is trig- 
gered by the falling edge of the clocking input. 
The C/T zero count status bit, |CTSR[6], is set 
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when the C/T reaches the terminal count of 
zero and ICTSR[7] indicates whether the 
counter is currently enabled or not. 

An interrupt is generated upon reaching zero 
count if CTCR[7] and the channel's master in- 
terrupt enable are asserted. The output of the 
C/T can be programmed to be output on the 
channel's RTxC or TRxC pin (via PCR[4:0}) as 
either a single pulse or a square wave, as pro- 
grammed in CTCR[5]. The contents of the C/T 
canbe read at any time by the CPU, but the C/T 
should normally be stopped before this is done. 
Several C/T operating modes can be selected 
by programming of the counter/timer control 
register. Typical applications include: 


1. Programmable divider. The selected 
clock source, optionally prescaled, is di- 
vided by the contents of the preset regis- 
ter. The counter automatically reloads 
itself each time the terminal count is 
reached. In this mode, the C/T may be 
programmed to be used as the Rx or Tx 
bit rate generator, as the input to the 
DPLL, or it may be output on a pin as ei- 
ther a pulse or a square wave. The C/T 
interrupt should be disabled in this mode. 


2. Periodic interrupt generator. This mode is 
similar to the programmable divider mode, 
except that the C/T interrupt is enabled, 
resulting in a periodic interrupt to the 
CPU. 


3. Delay timer. The counter is preset from 
the preset register and a clock source, 
optionally prescaled, is selected. An in- 
terrupt is generated upon reaching termi- 
nal count. The C/T continues counting 
without reloading itself and its contents 
may be read by the CPU to allow addi- 
tional delay past the zero count to be de- 
termined. 


4. Character counter. The counter is preset 
to FFFF by command and the clock 
source becomes the internal signal used 
to control loading of the Rx or Tx charac- 
ters. This operation is selected by 
CTCR[2:0]. The C/T counts characters 
loaded into the RxFIFO by the receiver or 
loaded into the transmit FIFO by the CPU, 
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respectively. The current character count 
can be determined by the CPU by reading 
the contents of the C/T and taking its 
ones complement. Optionally, a preset 
number may be loaded into the counter 
and an interrupt generated when the 
count is exhausted. When counting Tx 
characters, the terminal count condition 
can be programmed through TPR[4] to 
cause an end of message sequence to be 
transmitted. When counting received 
characters, the FiIFOed EOM status bit is 
asserted when the character which 
causes the count to go to zero is loaded 
into the receive FIFO. The channel's ‘re- 
set Tx’ or ‘reset Rx’ commands have no 
effect on the operation of the C/T. 


5. External event counter. The counter is 
preset to FFFFF by command and an ex- 
ternal clock source is selected. The cur- 
rent count can be determined by the CPU 
by reading the contents of the C/T and 
taking its ones complement. Optionally, a 
preset number may be loaded into the 
counter and an interrupt generated when 
the count is exhausted. 


6. Bit length measurement. The counter is 
preset to FFFF by command and the 
X1/CLK/4 clock input gated by RxD mode 
(optionally prescaled) is programmed. 
The C/T starts counting when RxD goes 
Low and stops counting when RxD goes 
High. At this time, ICTSR[6] is set and an 
interrupt (if enabled) is generated. The 
resulting count in the counter can be read 
by the CPU to determine the bit rate of 
the input data. Normally this function is 
used for asynchronous operation. 


Communication Channels A 
and B 


Each communication channel of the DUSCC is 
a full-duplex receiver and transmitter that sup- 
ports ASYNC, COP, and BOP transmission for- 
mats. The bit rate clock for each receiver and 
transmitter can be selected independently to 
come from the bit rate generator, C/T, DPLL, or 
an external input (such as a modem generated 
clock). 
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Figure 3. Interrupt Control and Status Register 
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DOMAC MEMORY DUSCC 


Initiate Request 
1. Assert TxDRQN 


Acquire Bus 


Address Memory 
. Set RWN to read 
. Place address on bus 
. Assert ASN 
. Assert UDSN or LOSN 
_ Assert TxDAKN 


Present Data 
1. Decode address 
2. Place data on DO-D7 
3. Assert OTACKN 


Device Response 

1. Assert DUSCC 
DTACKN 

2. Negate TxDRQN if 
FIFO is full after this 
transfer’ * 


Terminate Transfer 
1. Assert DTCN 
2. Negate ASN and UDSN or LDSN 


Terminate Cycle 
1. Negate DTACKN 


Terminate Cycle 
1. Load Data 
2. Negate DUSCC DTACKN* 


Relinquish Bus 
1. Negate TxDAKN and OTCN 
or 


v 


Start Next Cycle 


"On falling edge of DTCN 
**On falling edge of TxDAKN 


PFO0643S 


Figure 4. Transmitter DMA Request Operation — 
Single Address Mode 
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OMAC MEMORY DUSCC 


initiate Request 
1. Assert RxORQN 


—— 


Acquire Bus 


Address Memory 
. Set RWN to write 
Place address on bus 
. Assert ASN 
. Assert RT xDAKN 


Present Data 
1. Place data on DO-D7 
2. Assert DUSCC 
DTA(CKN 
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Enable Data 
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Acquire Data 
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<= 


Terminate Transfer 
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aa aaa 


Terminate Cycle 
1. Load data 
2. Negate DTACKN 


Terminate Cycle 
Negate DUSCC DTACKN* 
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Figure 5. Receiver DMA Request Operation — 
Single Address Mode 
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Figure 7. Receiver DMA Request Operation — 


Figure 6. Transmitter DMA Request Operation — 
Dual Address Mode 


Dual Address Mode 
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COUNTER/TIMER 
CLOCK SOURCE 


PCR [4:3] = 00 
PIN ATxC 
PCR [2:0] = 000 
e 
LOW GATE 
FROM CRYSTAL 
OSCILLATOR 


C/T CLOCK 
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RECEIVER RxBRG 
CLOCK 


32 x (BAUD RATE) 


TRANSMITTER TxBRG 
32 x (BAUD RATE) 


Rx CHARACTER COUNT 


CLOCK CTCR [4:3] 


Tx CHARACTER COUNT 


CLOCK 
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PCR [2:0] = 000 RTR [7] 


PIN TRxC 
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PIN RTxC 


4» 


010° 
RECEIVER 


CLOCK MUX wn RECEIVER 
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RTR [6:4] 


BD01984S 


NOTE: 
OSCI = crystal or EXT generator input. 


Figure 8. Timing Block 
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TRxC AND RTxC 
FUNCTION SELECT 


PCR [4:3] 


RECEIVER CLK MUX 
TO } TRANSMITTER CLK MUX 
C/T CLOCK MUX 


OUTPUT FROM C/T MUX 
(FROM TRANSMITTER CLOCK MUX) TxCLK 
(1x BAUD RATE) 
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(1x BAUD RATE) 
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C/T CLOCK MUX 
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(16 x BAUD RATE) 
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NOTE: 
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Figure 8. Timing Block (Continued) 
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TRANSMITTER 


Transmitter TxFIFO and TxRDY 

The transmitter accepts parallel data from the 
data bus and loads it into the TxFIFO, which 
consists of four 8-bit holding registers. This 
datais then moved to the Transmitter Shift Reg- 
ister (TXSR) which serializes the data accord- 
ing to the transmission format programmed. 
The TxSRis loaded from the TxFIFO, from spe- 
cial character logic, or from the CRC/LRC gen- 
erator. The LSB is transmitted first, which 
requires right justification of characters by the 
CPU. TxRDY (GSR[5] or GSR[1]) and under- 
run (TRSR[7]) indicate the state of the TxFIFO. 
The TxFIFO may be addressed at any of four 
consecutive locations (see Table 1) to allow use 
of multiple byte workinstructions. Awrite to any 
valid address always writes data to the next 
empty FIFO location. 


TxRDY is set when the transmitter is enabled 
and there is an empty position in the TxFIFO 
(OMR[4] = 0) or when the TxFIFO becomes 
empty (OMR[4] = 1). The CPU may reset 
TxRDY through a status reset write cycle. If this 
is done, itwillnotbe reasserted until a character 
is transferred to the TxST (OMR[4] = 0) or when 
the TxFIFO becomes empty again (OMR[4] = 
1). The assertion of TxRDY, enabling of the IER 
[6] and the enabling of the channel master inter- 
rupt |CR[0] or [1] allow an interrupt to be gener- 
ated. 


If DMA operation is programmed, either 
RTxDRN (half-duplex) or TxDRQN (full-du- 
plex) follows the state of TxRDY if the transmit- 
ter is enabled. These operations differ from 
normal ready in that the request signal is ne- 
gated on the leading edge of the DMA acknowl- 
edge signal when the subsequent transfer 
causes the transmit FIFO to become full, while 
the TxRDY signal is negated only after the 
transfer is completed. Underrun status TRS[7] 
set indicates that one or more data character 
(not PAD characters) have been transmitted 
and the TxFIFO and TxSR are both empty. 


In ‘waiton Tx’, awrite to a full FIFO causes the 
write cycle to be extended until a FIFO position 
is available. DTACKN is asserted to acknowl- 
edge acceptance of the data. In non-wait 
modes, if an attempt is made to load data into 
a full TxFIFO, the TxFIFO data is preserved 
and the overrun data character(s) is lost. Anor- 
mal DTACKN will be issued, and no indication 
of this occurrence is provided. The transmitter 
is enabled by the enable transmitter command. 
When the disable transmitter command is is- 
sued, the transmitter continues to operate until 
the TxFIFO becomes empty. The TxRDY does 
not become valid until the transmitter is en- 
abled. Characters can be loaded into the FIFO 
while disabled. However, if the FIFO is full 
when the transmitter is enabled, TxRDY is not 
asserted. 
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TxRTS Control 

If TxRTS CONTROL, TPR{3], is programmed, 
the channel's RTS output is negated 5-bit times 
after the last bit (stop bitin ASYNC mode) of the 
last character is transmitted. RTS is normally 
asserted and negated by writing to OMR{[O]. 
Setting of TPR[3] causes RTS to be reset auto- 
matically (if the transmitter is not enabled) after 
all characters in the transmitter FIFO (if any) 
are transmitted and five bit times after the ‘last 
character’ is shifted out. This feature can be 
used to automatically terminate the transmis- 
sion of a message as follows: 

— Program auto-reset mode: TPR[3] = 1. 


— Enable transmitter. 
— Assert RTSN: OMR[O] = 1. 
— Send message. 


— Disable transmitter after the last character 
is loaded into the TxFIFO. 


— The last character will be transmitted and 
OMR{[Q] will be reset five bit times after the 
last bit, causing RTSN to be negated. The 
TxD output will remain in the marking state 
until the transmitter is enabled again. 


The ‘last bit’ in ASYNC is simply the last stop bit 
of the character. In BOP and COP, the last 
character is defined either explicitly by either 
appending it with TEOM or implicitly through 
the selection of the frame underrun control se- 
quence, TPR[7:6] (Transmitter Parameter 
Register). Table 13 summarizes the relation- 
ship of the selected underrun sequence and the 
protocol mode. 


Tx CTS Operation 

If CTS enable Tx, TPR[2], is set, the CTSN in- 
put must be asserted for the transmitter to oper- 
ate. Changes in CTSN while a character is 
being transmitted do not affect transmission of 
that character. However, if the CTS input be- 
comes negated when TPR[2] is set and the 
transmitter is enabled and ready to start send- 
ing anew character, CTS underrun, TRSR[6], 
is asserted and the TxD output is placed in the 
marking (High) state. In ASYNC mode, opera- 
tion resumes when CTSN is asserted again. In 
COP and BOP modes, the transmission of the 
message is terminated and operation of the 
transmitter will not resume until CTS is as- 
serted and a TSOM or TSOMP command is in- 
voked. Prior to issuing the command and 
retransmitting the message, the transmitter 
must be reset. After a change-of-state STS is 
established by the input sampling circuits (refer 
to the description of ICTSR[4], it is sampled by 
the Tx controller 1-1/2 bit times before each 
new character is serialized out of the Tx shift 
register. (Thisis 2-1/2 bits before the LSB of the 
new character appears on the TxD pin; there is 
an additional 1-bit delay in the transmitter data 
path due to the data encoding logic.) 
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Tx Special Bit Pattern Transmission 
The DUSCC provides features transmit special 
bit patterns (see Table 14). 


The TxD pin is held marking after a hardware 
reset, areset Tx command, when the transmit- 
ter is not enabled, and during underrun/idle, if 
this feature is selected through TPR[7:5]. The 
TxD pin is also held marking if the transmitter 
is enabled, andthe TxFIFO is empty (ASYNC), 
or if a TSOM or TSOMP command has not 
been issued (SYNC modes). 


The following command bits can be appended 
to characters in the TxFIFO: TEOM, TDLE, ex- 
clude from CRC, andreset TxCRC. Aninvoked 
command(s) is appended to the next character 
loaded into the TxFIFO and follows the charac- 
ter through the FIFO until that character is 
ready to be loaded into the TxSR. The transmit- 
ter for the various protocols. 


Tx ASYNC Mode 

Serialization begins when the TxFIFO data is 
loaded into the TxSR. The transmitter first 
sends a start bit, then the programmed number 
of bits/character (TPR[1,0]), a parity bit (if spe- 
cified), and the programmed number of stop 
bits. following the transmission of the stop bits, 
if a new character is not available in the TxFl- 
FO, the TxD output goes to marking and the un- 
derrun condition (TRSSR[7]) is set. 


Transmission resumes when the CPU loads a 
new character into the TxFIFO orissues asend 
break command. The send break command 
clears the TxFIFO and forces a continuous 
space (Low) on the TxD output after the charac- 
ter in TxSR (if any) is serialized. A send break 
acknowledge (TRSR[4]) is returned to the CPU 
to facilitate reassertion of the send break com- 
mand in order to send an integral number of 
break characters. The send break condition is 
cleared when the reset Tx or disable Tx com- 
mand is issued. 


Tx COP Modes 

Transmitter commands associated with all 
COP modes are: transmit SOM (TSOM, trans- 
mit start of message), transmit SOM with PAD 
(TSOMPO, transmit EO (TEOM, transmit end of 
message), reset TxCRC, exclude from CTC, 
and transmit DLE. 


A TSOMor send TSOMP command mustbe is- 
sued to start COP transmission. TSOM (with- 
out PAD) causes the TxCRC/LRC generator to 
be initialized and one or two SYN characters 
from S1R/S2R to be loaded into the TXSR and 
shifted out on the TxD output. A parity bit, if 
specified, is appended to each SYN character 
after the MSB. Send SOM acknowledge 
(TRSRI[4]) is asserted when the SYN output be- 
gins. The user may reinvoke the command to 
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cause multiple SYNs to be transmitted. If the 
command is not reinvoked and the TxFIFO is 
empty, SYN patterns continue to be transmitted 
until the TxFIFO is loaded. If data is present in 
the FIFO, the first character is loaded into the 
TxSR and serialization of the data begins. Note 
that the TxFIFO may be preloaded with data be- 
fore the TSOM is issued. 


The TSOMP command causes all characters in 
the TxFIFO (PAD characters) to be loaded into 
the TxSR and serialized if the Tx is enabled. 
Unlike the transmit SOM without PAD com- 
mand, data (non-PAD characters) cannot be 
preloaded into the TxFIFO. While the PAD is 
transmitted, parity is disabled and character 
length is automatically set to 8 bits regardless 
of the value in TPR[1:0]. When the TxFIFO be- 
comes empty after the PAD, the TxCRC/LRC 
generator is initialized, the SYN character(s) 
are transmitted with optional parity appended, 
and send SOM acknowledge asserted. Opera- 
tion then proceeds in the same manner as the 
TSOM command; the user has the option to in- 
voke the TSOM command to cause multiple 
SYNs to be transmitted. 


After the TSOM/TSOMP command is ex- 
ecuted, characters in the TxFIFO are loaded 
into the TxSR and shifted out with a parity bit, 
if specified, appended after the MSB. If, after 
the opening SYN(s) and at least one data has 
been transmitted, the TxFIFO is empty, a data 
underrun condition results and TRSR[7] is as- 
serted. The transmitter’s action on data under- 
run is determined by TPR[7:6] and the COP 
protocol. If TRP[7:6] = ‘10’, the transmitter line 
fills with MARK characters until a character is 
loadedinto the FIFO. | TRP[7:6] and the COP 
protocol. If TPR[7:6] = ‘11’ is selected, the 
transmitter line fills with SYN, SYN1-SYN2, or 
DLE-SYN1 for monosync, dual sync, and BI- 
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SYNC transparent modes, respectively. _ If 
TPR[7:6] = ‘00’, the BCC characters are trans- 
mitted and frame complete (TRSRI6]) is set. 
TxD then assumes the programmed idle state 
(TPR[5]) of MARKs or SYN1/SYN1-SYN2. 


Operation resumes with the transmission of a 
SYN sequence when a TSOM command is in- 
voked. A TSOMP command is ignored unless 
the transmitter is disabled and then reenabled. 


An appended TEOMcommandalso terminates 
the frame as described above. It occurs after 
transmission of the character to which the 
TEOMis appended. The TEQMcommand can 
be explicitly asserted through the channel com- 
mand register. If TPR[4] = ‘1’, the TEOM is au- 
tomatically appended to a character in DMA 
mode, if the DONEN input is asserted when 
that character is loaded into the TxFIFO, or if 
the counter/timer is counting transmitted char- 
acters when the character which causes the 
counter to reach zero count is loaded. 


The TDLE command when appended to achar- 
acter in the TxFIFO, causes the DLE character 
to be loaded into the the TxSR and serialized 
before the TxFIFO character is loaded into the 
TxSR and serialized. This feature is particular- 
ly useful for BISYNC operation. The DLE char- 
acter will be excluded from the CRC 
accumulation in BISYNC transparent mode 
(see below), but will be included in all other 
COP modes. 


In BISYNC mode, transmission of a DLE-STX 
character sequence (either via a send TDLE 
command appended to the STX character, or 
via DLE and STX loaded into the TxFIFO) puts 
the transmitter into the transparent test mode of 
operation. In this mode, normally restricted 
character sequences can be transmitted as 
‘normal’ bit sequences. The switch occurs after 


Abort Sequence — Protocol Mode 


TPRA[7:6] PROTOCOL LAST CHARACTER | 


FLAG following either FCS (if selected) or last data character 
Last byte of FCS before line begins SYN or MARKing 

Abort sequence (11111111) prior to MARKing 

Last byte of FCS before line begins SYN or MARKing 


Abort sequence (11111111) prior to FLAG 
First SYN of SYN sequence 
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transmission of the two characters, so that the 
DLE and STX are included in the BCC accumu- 
lation. If the DLE-STX is to be excluded from 
the CRC, the user should issue a ‘reset CRC’ 
command prior to loading the next character. 


Another method of excluding the two charac- 
ters from the CRC is to invoke the ‘exclude from 
CRC’ command prior to loading the charac- 
ter(s) into the FIFO. While in transparent mode, 
the transmitted line fills with DLE-SYN1 and au- 
tomatically transmits an extra DLE if it finds a 
DLE in the TxFIFO (‘DLE stuffing’). The trans- 
mitter reverts to non-transparent mode when 
the frame complete status is set in TRSR[5]. 


CRC/LRC accumulation can be specified in all 
COP modes; the type of CRC is specified via 
CMR2[2:0]. The TSOM/TSOMP commands 
set the CRC/LRC accumulator to its initial state 
and accumulation begins with the firstnon-SYN 
character after the initial SYN(s) are trans- 
mitted. PAD characters are not subject to CRC 
accumulation. Innon-BISYNC or BISYNC nor- 
mal modes, all transmitted characters except li- 
nefill characters (SYNs or MARKs) are subject 
to accumulation. In BISYNC _ transparent 
mode, odd (stuffed) DLEs and the DLE-SYN1 
linefill are excluded from the accumulation. 
Characters can be selectively excluded from 
the accumulation by invoking the ‘exclude form 
CRC’ command prior to loading the character 
into the FIFO. 


Accumulation stops when transmission of the 
first character of the BCC begins. The CPU can 
set the accumulator to its initial state prior to the 
transmission of any character by using the ap- 
pended reset CRC command. The CRC gen- 
erator is also automatically initialized after the 
EOM is sent. 
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Table 14. Special Bit Patterns 


PROTOCOL BIT PATTERN 


ASYNC-BREAK An all 0's character including parity bit (if specified) and stop bits. Used for send break command. 


COP-SYN Contained in S1R (single SYN mode) or in S1R/S2R (dual SYN modes). Used for TSOM and TSOMP 
commands and for non-transparent mode linefill and IDLE. 


COP-DLE Used for TDLE command and for BISYNC transparent mode linefill and to generate BISYNC control 
sequences. 


COP-CRC 16/8 bits from the CRC/LRC accumulator used for TEOM command or for auto-EOM modes. 


BOP-FLAG 01111110. Used for TSOM, TSOMP, and TEOM commands, for auto-EOM modes, andas an IDLE line 
fill. 


BOP-ABORT 11111111. Used for send ABORT command or during TxFIFO underrun. 
BOP-CRC 16 bits from the CRC accumulator used for TEOM command or for auto-EOM modes. 
BOP/COP MARK All 1's pattern on data line. 


: o | 4 } 4 0 | o | 1 | 0 1 


NRZ DATA | | | | | 
NRZI DATA | | | | 
Rx DPLL CLOCK 
OUTPUT 


16 0 16 0 16 0 CLOCK COUNT 


FMO DATA | | | | | | | | | 


FM1 DATA | | | | | | | | | 


Rx DPLL CLOCK 
OUTPUT 
16 24 8 | 24 8 | 24 8 CLOCK COUNT 
MANCHESTER DATA | | | | | | | | | | | 
Rx DPLL CLOCK 
OUTPUT 
1 0 8 24 | 8 24 | 8 24 CLOCK COUNT 


WF07152S 


Figure9. DPLL Waveforms 
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TxBOP Modes 

Transmitter commands associated with BOP 
modes are TSOM, TSOMP, TEOM, and trans- 
mit ABORT (TABRK). The TSOM and TSOMP 
commands are identical to COP modes except 
that a FLAG character (01111110) is used as 
the start of message sequence instead of the 
SYNs, and FLAG(s) that continue to be sent un- 
til the TxFIFO is loaded. There is no zero inser- 
tion (see below) during transmission of the PAD 
characters, and they are not preceded by a 
FLAG or accumulated in the CRC. Character 
length is automatically set to 8 bits regardless 
of TPR[1:0]. 


The first characters loaded into the TxSR from 
the TxFIFO are the address and control fields, 
which have fixed character lengths of eight bits. 
The number of address field bytes is deter- 
mined by CMR1[4:3]. If extended address field 
is specified, the field is terminated if the first ad- 
dress octet is H‘00’ or if the LSB of the octet is 
a1. The number of control field bytes is se- 
lected by CMR1[5]. If any information field 
characters follow the control field (forming an | 
field), they are transmitted with the number of 
bits per character programmed in TPR[1:0]. 
The TEOQM command can be appended to the 
last character whether explicitly or automatical- 
ly as described for COP mode. When the char- 
acter with the appended TEOM is loaded from 
the TxFIFO, it is transmitted with the character 


SPECIAL CHARACTERS: 
FLAG, ABORT, DLE, 
BREAK, ETC. 


DLE, STX DETECT 
TRANSMITTER SHIFT REGISTER 
TxSR 
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length specified by OMR[7:5]. In this way, a re- 
sidual character of 1 - 8 bits is transmitted with- 
out requiring the CPU to change the Tx 
character length for this last character. 


After opening the FLAG and first address octet 
have been transmitted, an underrun occurs 
(TRSR[7] = 1) if the TxFIFO is empty when the 
transmitter requires a new character. The un- 
derrun control bits (TPR[7:6]) determine wheth- 
er the transmitter line fills with either 
ABORT-MARKs, ABORT-FLAGs (see below), 
or ends transmission with the ‘normal’ end of 
message sequence. 


EOMon underrun is functionally similar to EOM 
due to an appended TEOM command. If the 
EOM is due to underrun, the normal character 
length applies to the last data character. After 
the last character is transmitted, the FCS (in- 
verted CRC) andclosing FLAG are sent, frame 
complete (TRSR[5]) is set, and the TxCRC is 
initialized. Ifthe TxFIFOis empty after the clos- 
ing FLAG has been sent, TXD will assume the 
programmed idle state of FLAGs or MARKs 
(TPR[5]) and wait for a character to be loaded 
into the FIFO or fora TSOM command to be is- 
sued. If the TXFIFO is not empty at that time, 
the TxFIFO data will be loaded into the TxSR 
and serialized. In that case, the closing FLAG 
is the opening FLAG of the next frame. 


TxFIFO 
DATA FIFO 


The user can control the number of FLAGs be- 
tween frames by invoking the TSOM command 
after frame complete is asserted. The DUSCC 
then operates in the same manner as for trans- 
mission of multiple FLAGs at the beginning of 
a frame. When the command is no longer rein- 
voked, transmission of the TxFIFO data will be- 
gin. Ifthe FIFO is empty, FLAGs continue to be 
transmitted. 


The DUSCC provides automatic zero insertion 
in the data stream to prevent erroneous trans- 
mission of the FLAG sequence. All data char- 
acters loaded into the TxSR from the TxFIFO 
and characters transmitted from the CRC gen- 
erator are subject to zero insertion. For this fea- 
ture a zero is inserted in the serial data stream 
each time five consecutive ones (regardless of 
character boundaries) have been transmitted. 


A send ABORT command clears the TxFIFO 
and inserts an ABORT character of eight ones 
(not subject to zero insertion) into the TxSR for 
transmission after the current character has 
been serialized. A send abort ack (TRSR[4]) 
facilitates reassertion of send abort by the user 
to guarantee transmission of multiple abort 
characters. This feature can be used to send 
the 15-ones idle sequence. 


COMMAND FIFO 


TO Tx CONTROLLER 


COP/BOP 


Tx LRC/CRC 


PARITY GENERATOR 


INTERNAL RxD (NRZ) 


‘1 DATA ENCODER 
(1-BIT DELAY) 
NRZ, NRZI, 
FMO, FM1, 
MANCHESTER 


TxD PIN 


INTERNAL TxD 


Figure 10. Transmitter Data Path 
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The transmitter sends either marks or FLAGs 
after the abort character(s) has been trans- 
mitted, depending on TPR[7:6]. Operation re- 
sumes with the transmission of a FLAG when 
a TSOM commandis invoked. A TSOMP com- 
mand is ignored unless the transmitter is dis- 
abled and then reenabled. 


CRC accumulation can be specified in all BP 
modes. The type of CRC is specified via 
CMR2[2:0], and is normally selected as 
CRC-CCITT preset to ones, although any op- 
tion is valid. Note that LRC8 option is not al- 
lowed in BOP modes. 


The TSOMTSOMP command sets the CRC 
accumulator to its initial state and accumulation 
begins with the first address octet after the ini- 
tial FLAG(s). Accumulation stops when trans- 
mission of the first character of the FCS begins. 
The CPU can set the accumulator to its initial 
state prior to the transmission of any character 
by using the appended reset CRC command 
and can exclude any character from the accu- 
mulation by use of the exclude from CRC com- 
mand, but these features would not normally be 
used in BOP modes. The CRC generator is 
also automatically initialized after the EOM or 
an ABORT are sent. 


TxBOP Loop Mode 

The loop modes are used by secondary sta- 
tions on the loop, while the primary station oper- 
ates in the BOP primary mode. Both the 
transmitter and receiver must be enabled and 
should be programmed to use the same clock 
source. Loop operation is initiated by issuing 
the ‘go on-loop’ command. The receiver looks 
for the receipt of seven contiguous ones and 
then asserts the LCN output to cause external 
loop control hardware to put the DUSCC into 
the loop, with the TxD output echoing the RxD 
input with a 2-bit time delay. The echoing pro- 
cess continues until a Go Active on Poll (GAP) 
command is invoked. The DUSCC then looks 
for receipt of an EOP bit pattern (a zero followed 
by seven ones, 11111110) and changes the last 
one of the EOP into a zero making itan opening 
FLAG. Loop sending (TRSRJ6]) is asserted at 
thatsame time. The action of the transmitter af- 
ter sending the initial FLAG depends on the sta- 
tus of the transmit FIFO. 


If the transmit FIFO is not empty, a normal 
frame transmission begins. The operation is 
then similar to normal BOP operation with the 
following differences: 


1. An ABORT command, an underrun, or 
receipt of the turnaround sequence (H‘00’) 
or FLAG cause the transmitter to cease 
operation and to revert to echoing the 
RxD input with a 2-bit time delay. A new 
transmission cannot begin until the GAP 
command is reinvoked and a new EOP 
sequence is received. 
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2. Subsequent to sending the EOM se- 
quence of FCS-FLAG, the DUSCC ex- 
amines the internal GAP flip-flop. If itis 
not set (having been reset by the ‘reset 
GAP‘ command, the DUSCC reverts to 
echoing the received data. If the internal 
GAP flip-flop is still set, transmission of a 
new frame begins, with the user having 
control of sending multiple FLAGs be- 
tween frames by use of the ‘send SOM’ 
command. If the FIFO is empty at this 
time, the DUSCC continues to send 
FLAGs until the data is loaded into the 
FIFO or until GAP is reset. If the latter 
occurs, it reverts to echoing RxD. 


When the DUSCC reverts to echoing RxD 
in any of the above cases, the last trans- 
mitted zero and seven ones will form an 
EOP for the next station down the loop. 


If the TxFIFO is empty when the EOP isrec- 
ognized, the transmitter continues to send 
FLAGs until there is data in the FIFO. Ifa 
turnaround sequence or the reset GAP 
command is received before the FIFO is 
loaded, the transmitter switches to echoing 
RxD without any data transmission. Other- 
wise a frame transmission begins as above 
when a character is loaded into the FIFO. 
The mechanism provides time for the CPU 
to examine the received frame (the frame 
preceding the EOP) to determine if it should 
respondor not, while holding its option to ini- 
tiate a transmission. 


Termination of operation in the loop mode 
should be accomplished by use of the ‘go 
off-loop' command. When the command is in- 
voked, the DUSCC looks for the receipt of eight 
contiguous ones. It then negates the LCN out- 
put to cause the external loop control hardware 
toremove the DUSCC from the loop without af- 
fecting operation of other units remaining on the 
loop. 


RECEIVER 

The receiver data path includes two 9-bit hold- 
ing registers, HSRH and HSRL, an 8-bit char- 
acter comparison register, CCSR, two 
synchronizing flip-flops, a receiver shift regis- 
ter, RxST, the programmable SYN comparison 
registers, S1R and S2R, and BISYNC charac- 
ter comparison logic. The DUSCC configures 
the circuitry and utilizes it according to the op- 
erational mode selected for the channel 
through the two mode registers CMR1 and 
CMR2. For all data paths, character data is as- 
sembled according to the character bit count, in 
the RxSR, and is moved to the RxFIFO with any 
appended statuses when assembly is com- 
pleted. Figure 1 depicts the four data paths 
created in the DUSCC for the previous proto- 
cols. 
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Receiver RxFIFO, RxRDY 

The receiver converts received serial data on 
RxD (LSB first) into parallel data according to 
the transmission format programmed. Data is 
shifted through a synchronizing flip-flop and 
one or more shift registers, the last of which is 
the 8-bit receiver shift register (RxST). Bits are 
shifted into the RxSR on the rising edge of each 
1X receive clock until the LSB is in RxSR[0]. 
Hence, the received character is right justified, 
with all unused bits in the RxSR cleared to zero. 
A receive character length counter generates a 
character boundairy signal for synchronization 
of character assembly, character comparisons, 
break detection (ASYNC), and RxSR to RxFI- 
FO transfers (except for BOP residual charac- 
ters). During COP and BOP hunt phases, the 
SYN/GLAG comparison is made each receive 
bit time, as abort, and idle comparisons in BOP 
modes. 


Aninternal clock from the BRG, the DPLL or the 
counter/timer, or an external 1X or 16X clock 
may be used as the receiver clock in ASYNC 
mode. The BRG or counter/timer cannot be 
used directly for the receiver clock in synchro- 
nous modes, since these modes require a 1X 
receive clock that is in phase with the received 
data. This clock may come externally from the 
RTxC or TRxC pins, or it may be derived inter- 
nally from the DPLL. Received datais internally 
converted to NRZ format for the receiver cir- 
cuits by using clock pulses generated by the 
DPLL. 


When a complete character has been as- 
sembled in the RxSR, it is loaded into the re- 
ceive FIFO with appended status bits. The 
most significant data bits of the character are 
set to zero if the character length is less than 
eight bits. In ASYNC and COP modes the user 
may select, via RPR[3], whether the data trans- 
ferred to the FIFO includes the received parity 
bit or not. The receiver indicates to the CPU or 
DMA controller that it has data in the FIFO by 
asserting the channel's RxRDY status bit 
(GSR[4] or GSR[0] and, if in DMA mode, the 
corresponding receiver DMA request pin. 


The RxFIFO consists of four 8-bit holding regis- 
ters with appended status bits for character 
countcomplete indications (all modes), charac- 
ter compare indication (ASYNC), EOM indica- 
tion (BISYNC/BOP), and parity, framing, and 
CRC errors. Data is loaded into the RxFIFO 
from the RxSR and extracted (read) by the CPU 
or DMA controller via the data bus. AN RxFIFO 
read create an empty RxFIFO position for new 
data from the RxSR. 


RxRDY assertion depends on the state of 
OMR{3]: 


Military Microprocessor Products 


Product Specification 


Dual Universal Serial Communications Controller (DUSCC) 


68562 


1. If OMR[3] is 0 (FIFO not empty), RxRDY 
is asserted each time a character is trans- 
ferred form the receive shift register to the 
receive FIFO. If itis not reset by the 
CPU, RxRDY remains asserted until the 
receive FIFO becomes empty, at which 
time it is automatically negated. If it is re- 
set by the CPU, it will remain negated, 
regardless of the current state of the re- 
ceive FIFO, until a new character is trans- 
ferred from the RxSR to the RxFIFO. 


If OMR[3] is 1 (FIFO full), RxRDY is 
asserted: 

When a character transfer from the re- 
ceive shift register to the receive FIFO 
causes it to become full. 


n 


» 


oOo 


. When a character with a tagged EOM sta- 
tus bit is loaded into the FIFO (BISYNC or 
BOP) regardless of RxFIFO full condition. 


QO 


When the counter/timer is programmed to 
count received characters and the charac- 
ter which causes it to reach zero count is 
loaded into the FIFO (ICTSR[6}). 


a. 


When the beginning of break is detected 
in ASYNC mode regardless of the RxFl- 
FO full condition. 


If itis not reset by the CPU, RxRDY remains as- 
serted until the FIFO becomes empty, at which 
time it is automatically negated. If itis reset by 
the CPU, it will remain negated regardless of 
the current state of the receive FIFO, until it is 
asserted again due to one of the above condi- 
tions. 


The assertion of RxRDY causes an interrupt to 
be generated if|ER[4] and the channel's master 
interrupt enable (ICR[0] or ICR[1]) are as- 
serted. 


When DMA operation is programmed, the 
RxRDY status bit is routed to the DMA control 
circuitry for use as the channel receiver DMA 
request. Assertion of RxRDY results in asser- 
tion of RTxDRQN output. 


Several status bits are appended to each char- 
acter in the RxFIFO. When the FIFO is read, 
causing it to be ‘popped’, the status bits asso- 
ciated with the new character at the top of the 
RxFIFO are logically ORed into the RSR. 
Therefore, the user should read RSR before 
reading the RxFIFO in response to RxRDY acti- 
vation. If character-by character status is de- 
sired, the RSR should be read and cleared 
each time anew character is received. The 
user may elect to accumulate status over sev- 
eral characters or over a frame by clearing RSR 
at appropriate times. This mode would normal- 
ly also be used when operating in DMA mode. 
If the RxFIFO is empty when a read is at- 
tempted, and wait mode as specified in 
CMR2[5:3], is not being used, a H'FF’ is output 
on the data bus. 
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In all modes, the DUSCC protects the contents 
of the FIFO and the RxSR from overrun. If a 
character is received while in FIFO is fulland a 
character is already in the RxSR waiting to be 
transferredinto the FIFO, the overrunning char- 
acter is discarded and the OVERRUN status bit 
(RSR[5}) is asserted. If the overruning charac- 
ter is anend-of-message character, the charac- 
ter is lost but the FiFOed EOM status bit will be 
asserted when the character in the RxSR is 
loaded into the FIFO. 


Operation of the receiver is controlled by the 
enable receiver command. When this com- 
mand is issued, the DUSCC goes into the 
search for start bit state (ASYNC), search for 
SYN state (COP modes), or search for FLAG 
state (BOP modes). When the disable receiver 
commandis issued, the receiver ceases opera- 
tion immediately. The RxFIFO is cleared on 
master reset, or by a rest receiver command. 
However, disabling the receiver does not affect 
the RxFIFO, RxRDY, or DMA request opera- 
tion. 


Receiver DCD and RTS Controls 

lf DCD enable Rx, RPR[2], is asserted, the 
DCD input must be asserted and the sampling 
circuit detects that the DCD input has been ne- 
gated, the receiver ceases operation immedi- 
ately. Operation resumes when the sampled 
DCD is asserted again. A change of state de- 
tector is provided on the DCD input of each 
channel. The required duration of the DCD lev- 
el change is described in the discussion of 
ICTSR[5]. The user may program a change of 
State to cause an interrupt to be generated 
(master interrupt enable ICR[O] or [1] and 
|ER[7] must be set) so that appropriate action 
can be taken. 


In ASYNC mode, RPR[4] can be programmed 
to control the deactivation of the RTSN output 
by the receiver. RTSN can be manually as- 
serted and negated by writing to OMR[0]. How- 
ever, the assertion of RPR[4] causes RTS to be 
negated automatically upon receipt of a valid 
Start bit if the channel's receive FIFO is already 
full. When this occurs, the RTSN negated 
status bit, RSR[6], is set. This may be used as 
a flow control feature to prevent overrun in the 
receiver by using the RTSN output signal to 
control the CTSN input of the remote transmit- 
ter. The new character will be assembled in the 
RxSR, but its transfer to the FIFO will be 
delayed until the CPU reads the FIFO, making 
the FIFO position available for the new 
character. 


Once enabled, receiver operation depends on 
channel protocol mode. The following de- 
scribes the receiver operation for the various 
protocols. 


RxASYNC Mode 
When first enabled, the receiver goes into the 
search for start bit state, looking for a 
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High-to-Low (mark-to-space) transition of the 
start bit on the RxD input. If a transition is de- 
tected, the state of the RxD pin is sampled 
again each 16X clock for 71/2 clocks (16X clock 
mode) or at the next rising edge of the bit time 
clock (1X clock mode). If RxD is sampled High, 
the start bit is invalid and the search for a valid 
start bit begins again. 


If RxD is still Low, a valid start bit assumed and 
the receiver continues to sample the input at 
one bit time intervals (16 periods of the 16X Rx 
clock; one period of the 1X Rx clock) at the 
theoretical center of the bit, until the proper 
number of data bits and the parity bit (if speci- 
fied) have been assembled, andthe first stop bit 
has been detected. 


The assembled character is then transferred to 
the RxFIFO with appended parity error (if parity 
is specified) and framing error status bits. The 
DUSCC can be programmed to compare this 
character to the contents of S1R. The ap- 
pended character compare status bit, RSR[7], 
is set if the data matches and there is no parity 
error. 


After the stop bit is sampled, the receiver will 
immediately look for the next start bit. Howev- 
er, ifa non-zero character was received without 
a stop bit (i.e., framing error) and RxD remains 
Low for one-half of the bit period after the stop 
bit was sampled, then the receiver operates as 
if a new Start bit transition had been detected at 
that point (one-half bit time after the stop bit was 
sampled). 


Ifa break condition is detected (RxD Low for en- 
tire character time including optional parity and 
first stop bit), only one character consisting of 
all zeros will be loaded into the RxFIFO and 
break start detect, RSR[2], will be set. The RxD 
input must return to a High condition for atleast 
one half of a bit time (16X clock mode) or for 
one bit time (1X clock mode) before the break 
condition is terminated and the search for the 
next start bit begins. At that time, the break end 
detect condition, RSR[3], is set. Note that the 
maximum speed in the receiver when in 
asynchronous mode must not exceed 2Mbs. 


Rx COP Modes 

When the receiver is enabled in COP modes, 
it first goes into the SYN hunt phase, testing the 
received data each bit time for receipt of the ap- 
propriate SYN bit pattern, Plus parity if speci- 
fied, to establish character boundaries. 
Receipt of the SYN bit pattern terminates hunt 
phase andplaces the receive in the data phase, 
in which all leading SYNs are stripped and the 
RxFIFO begins to load starting with the first 
non-SYN character. In COP single SYN proto- 
col mode, S1R contains the SYN character re- 
quired to establish character synchronization. 
In COP dual SYN and BISYNC protocol 
modes, S1Rand S2R contain the first and sec- 
ond SYN characters, respectively, required to 
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establish character synchronization. The SYN 
character length is the same as the character 
length programmed in RPR[1:0], plus the parity 
bit if parity is specified. SYN characters re- 
ceived with a parity error, when parity is speci- 
fied, are considered invalid and will not cause 
synchronization to be achieved. 


In COP mode, resetting the receiver clears the 
receiver data path, while disabling the receiver 
does not. If not reset, partial sync patterns re- 
maining in the receiver will be recognized when 
itis enabled. 


If external synchronization is programmed 
(RPR[4] = 1), the internal SYN detection and 
specialcharacter recognition logic are disabled 
and receipt of SYN characters is not required. 
A pulse on the SYNI input pin will establish 
character synchronization and terminate hunt 
phase. The SYNI pin is ignored after the first 
input on the SYNIN pinis received. The receiv- 
er must be disabled and then reenabled to re- 
synchronize or to return to normal mode. This 
must be programmed in conjunction with 
CMR1[2:0] = 110. Refer to the description of 
RPR[4] for further details 


The SYN detect status bit RSR[2], is set when- 
ever SYN1, SYN1-SYN2, or DLE-SYN1 is de- 
tected for single SYN, dual SYN/BISYNC 
normal, and BISYNC transparent modes, re- 
spectively, and the SYNOUT pin will go active 
for one receive clock period one bit time after 
SYN detection in HSRH/HSRL. After character 
sync has been attained, the receiver enters the 
data phase and assembles characters in the 
RxSR, beginning with the first non-SYN char- 
acter, with the least significant bit received first. 
It computes the BCC if specified, checks parity 
if specified, and checks for overrun errors. 


The operation of the BCC (CRC/LRC) logic de- 
pends on the particular COP mode in use. The 
BCC is initialized upon first entering the data 
phase. For non-BISYNC modes, all received 
characters after entering data phase are in- 
cluded in the BCC computation, except for 
leading SYNs and SYNs which are specified to 
be stripped by RPR[7]. As each received char- 
acter is transferred from the RxSR to the FIFO, 
the current value of the BCC characters is 
checked and the CRC ERROR status bit 
(RSR[1]) is set if the value of the CRC remain- 
der is not the expected value. RSR[1] gets set 
when the character reaches the top of the 
FIFO. The EOM status bit, RSR[7], is not set 
since there is no defined end-of-message char- 
acter. The receiver computes the BCC for test 
messages automatically when operating in Bl- 
SYNC protocol mode. 


BISYNC Features 

The DUSCC provides support for both BISYNC 
normaland transparentoperations. The follow- 
ing summarizes the features provided. Both 
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EBCDIC and ASCII text messages can be han- 
died by the DUSCC as selected by CMR1[5). 
The receiver has the capability of recognizing 
special characters for the BISYNC protocol 
mode (see Table 15). 


All sequences in Table 15, except SOH and 
STX, when detected explicitly cause a status to 
be affected. The following describes the condi- 
tions when this occurs. 


The first character received when entering data 
phase for a header or text message should be 
an SOH, an STX, or a DLE-STX two-character 
sequence. Receipt of any of these initializes 
the CRC generator and starts the CRC accu- 
mulation. The SOH places the receiver in 
header mode, receipt of the STX places itin text 
mode, the receipt of the DLE-STX sequence (at 
any time) automatically places the receiver in 
transparent mode and sets the XPNT mode 
status bit, TRSR[0]. There is no explicit status 
associated with SOH and STX. If any charac- 
ters are received when entering the data phase, 
the message is treated as a control message 
and will not be accumulated in CRC. 


After the data phase is established, the receiver 
searches the data stream for an end of mes- 
sage control character(s): 


Header field: ENQ, ETB, or ITB 
Normal text field: ENQ, ETX, ETB, or ITB 


Transparent text field: DLE-ENQ, DLE-ETX, 
DLE-ETB, or DLE-ITB 


Control message field: EOT, NAK, ACKO, 
ACK1, WACK, RVI or TTD 


Detection of any one of these sequences 
causes the EOM status bit, RSR[7], to be set. 
Also if RPR[5] is set and the receiver does not 
detect a closing PAD (four 1's) after the ‘EOT’ 
or ‘NAK’, the PAD error status bit, RSR[6], is 
set. When the abort sequence ENQ or 
DLE-ENQ is detected, the character is tagged 
with an EOM status and transferred to the 
FIFO, but the appended CRC error status bit 
should be ignored. For the other EOM control 
sequences, the receiver waits for the next two 
bytes (the CRC bytes) to be received, checks 
the value of the CRC generator, and tags the 
transferredcharacter with aCRC error, RSR[1], 
if the CRC remainder is not correct. See Figure 
11 for an example of BCC accumulation in vari- 
ous BISYNC messages. 


The CRC bytes are normally not transferred to 
the FIFO, unless the transfer FCS to FIFO con- 
trol bit, RPR[6], is asserted. In this case the 
EOM and CRC error status bits will be tagged 
onto the last byte of the last FCS byte instead 
of to the last character of the message. After 
detecting one of the End-Of-Message (EOM) 
character sequences and setting RSR[7], the 
receiver automatically goes into auto hunt 
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mode for the SYNC characters and PAD check 
if RPR[5] is set. 


SYN Pattern Stripping 

Leading SYNs (before a message) are always 
stripped and excluded from the FCS, but SYN 
patterns within a message are treated by the re- 
ceiver according to the RPR[7] bit. SYN char- 
acter patterns are defined for the various COP 
modes as follows: 


COP single SYN mode — SYN1 


COP dual SYN mode — SYN1, and SYN2 
when immediately preceded by SYN1. 


BISYNC normal mode — SYN1, and SYN2 
when immediately preceded by SYN1. SYN1 
is always stripped, even if it is not followed by 
SYN2 when stripping is selected. 


BISYNC transparent mode — DLE-SYN1, 
where the DLE is the last of an odd number of 
consecutive DLEs. 


0 Strip only RPR[7] leading the SYN 
and do not accumulate in FCS. 
1 Strip all SYNs. Additionally, strip odd 


DLEs when operating in BISYNC 
transparentmode. Do notaccumulate 
stripped characters in FCS. 


Processing of the SYN patterns is determined 
by the RPR[7] bit, the COP mode, and the posi- 
tion of the pattern in the frame. This is summa- 
rized in Table 16. 


The value of the RPR[7] field does not affect the 
setting of the SYN DETECT status bit, RSR[2], 
and the generation of a SYNOUT pulse when 
a SYN pattern is received. 


RxBOP Mode 

In BOP protocol mode, the receiver may be in 
any one of four phases: hunt phase, address 
field (A) phase, control field (C) phase, or infor- 
mation field (1) phase. The character length for 
the A andC phases is always 8 bits. The | field 
character length is specified in RPR[1:0]. 


Note that if the residual character length is not 
zero, the unused most significant bits in the re- 
ceiver FIFO are not necessarily zero. the un- 
used bits should be ignored, this will not cause 
a CRC error. 


After an enable receiver command is executed, 
the receiver enters hunt phase, in which a com- 
parison for the string (01111110) is done every 
Rx bit time. The FLAG delineates the beginning 
(and end) of a received frame and establishes 
the character boundary. Each FLAG match in 
CCSR causes the FLAG detect status bit 
(RSR[2]) to be set and SYNOUTN pin to be ac- 
tivated one bit time later for one receive clock 
period. FLAGs with an overlapping zero will be 
detected. All FLAGs are deleted from the data 
stream. 
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Table 15. BISYNC Features 


BISYNC — Single-Character Sequences 


Start of header 

Start of text 

End of text 

End of transmission 

Enquiry 

Data link escape 

Negative ack 

End of transmission block 

End of intermediate transmission block 


BISYNC — Two-Character Sequences 


H‘10,BQ’ H‘10, 70’ Acknowledge 0 

H‘'10,31’ H‘10,61' Acknowledge 1 

H'10,3B’ H‘10,6B' Wait before transmit positive ack 
H‘10,BC’ H'10,7C’ Reverse interrupt 

H'02,85' H'02,2D' Temporary text delay 


BISYNC — (Transparent Text Mode) — Two-Character Sequences 


DLE-ENQ H‘10,85' H‘10,2D' Enquiry 

DLE-ITB H‘'10,1F’ H‘'10,1F’ End of intermediate transmission block 
DLE-ETB H‘10,97' H'10,26' End of transmission block 

DLE-ETX H‘10,83' H‘10,03' End of text 

DLE-STX H‘'10,02’ H‘10,02’ Start of transparent text mode 


SYN SYN SOH ps 
Sy ea 


SYN SYN : 
SYN SYN SOH 


' SYN SYN SOH 


NOTES: 

The BCC accumulator is stopped after the end of message character sequence is accumulated. All shaded areas are accumulated. 
ENQ (DLE - ENQ) in a text message should be treated as an abort. 

Opening SYNs will be stripped by the receiver. 


Figure 11. Example of BCC Accumulation in Various BISYNC Messages 
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Table 16. SYN Pattern 
Processing 
RPR | LEADING | WITHINA 
[7] SYNs MESSAGE 
BISYNC 0 no FCS no FCS 
no FIFO Pattern into 


FIFO 


no FCS 
no FIFO 


no FCS 
no FIFO 


no FCS 


Accumulate 
in FCS 

Pattern into 
FIFO 


no FIFO 


no FCS 
no FIFO 


no FCS 
no FIFO 


Once a FLAG has been detected, the receiver 
will exit hunt phase and enter address phase. 
The handling of the address field is determined 
by the values programmed in CMR1[2:0], 
which selects one of the BOP modes. The BOP 
secondary address modes are selected by 
CMR1[4:3] and function as in the description 
that follows. 


Single-Octet Address 

For receive, the address comparison for a sec- 
ondary station is made on the first octet follow- 
ing the opening FLAG. A match occurs if the 
first octet after the FLAG matches occurs if the 
first octet after the FLAG matches the contents 
of S1R, or if all parties address (RPR[3}) is as- 
serted and the first octet is equal to H'FF’. 


Dual Octet Address 

For receive, the address comparison for a sec- 
ondary station is made on the first two octets 
following the opening FLAG. 


A match occurs if the first two octets after the 
FLAG match the contents of S1R and S2R re- 
spectively, or if all parties address (RPR[3}) is 
asserted and the first two octets are equal to 
AFP, FP’. 


Dual Address with Group Mode 

For receive, the address comparison for a sec- 
ondary station is made on the first two octets 
following the opening FLAG. A match occurs 
for one of three possible conditions. If the first 
two octets after the FLAG match the contents 
ofS1RandS2R, respectively, or if the firstoctet 
is H'FF’ and the second matches the contents 
of S2R (group mode), or when all parties ad- 
dress (RPR[3]) is asserted and the first two oc- 
tets are equal to H'FF,FF’. The second 
condition (group mode) allows a selected group 
of stations to receive a message. 


Extended Address Mode 

Extend address field to the next octet if the LSB 
of the current address octet is zero. Address 
field is terminated if the LSB of the address is 
aone. The address field will be terminated after 
the first octet if the null address H‘00' is recei- 
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ved/transmitted as the first address octet. For 
this mode the receiver does not perform an ad- 
dress comparison (all received characters after 
the opening FLAG are transferred to the FIFO) 
but does determine when the address field is 
terminated. 


The length of the A field may be a single octet, 
a dual octet, or more octets, as described 
above. A primary station or an extended ad- 
dress secondary station does not perform an 
address comparison, and all characters in the 
A, C, and | fields after the flag are transferred 
to the FIFO. Although address field compari- 
sons are not performed, the length of the ad- 
dress field is still determined by CMR1[4:3]. 
For the other secondary address modes, if 
there is a match, or the received character(s) 
match either of the other enabling conditions 
(group or all-parties address), all characters in 
the A, C, and | field are transferred to the FIFO. 
If there is no match, the receiver returns to the 
FLAG hunt phase. 


C phase begins after A phase is terminated. 
The receiver receives one or two control char- 
acters, CMR1[5]. After this phase is termi- 
nated, the character length is switched 
automatically from 8 bits to the number of bits 
specified in RPR[1:0] and the information field 
phase is entered. 


The frame is terminated when a closing FLAG 
is detected. The same FLAG can also serve as 
the opening FLAG of the next frame. The 16 
bits received prior to the closing FLAG form the 
frame check sequence (if an FCS is specified 
in CMR2[2:0]). All non-FLAG characters of the 
frame are accumulatedin the CRC checker and 
the result is compared to the expected remain- 
der. Failure to match will cause a CRC error. 
EOM detect RSR[7], RCL not zero RSR[O], and 
CRC error RSR[1] are normally FiFOed with 
the last character of the | field. RCL not zero 
RSR[0] is set if the length of the last character 
of the | field does not have the length pro- 
grammed in RPR[1:0]. The residual character 
length in TRSR[2:0] is also valid at that time. 
The CRC characters themselves are normally 
not passed to the RxFIFO. However, if the 
transfer FCS to FIFO control bit RPR[6] is as- 
serted, the FCS bytes will be transferred to the 
FIFO. In this case the EOM, CRC error, and 
RCL not zero status bits will be tagged onto the 
last byte of the CRC sequence instead of to the 
last character of the message. 


If the closing FLAG is received prior to receipt 
of the appropriate number of A field, C field as 
programmed in CMR1[5:3], and FCS field oc- 
tets, a short frame will be detected and RSR[4] 
will be set. The | field need not be presentina 
valid frame. An abort (11111110) comparison 
is done after an opening FLAG has been re- 
ceived and up to receipt of the closing FLAG. 
A match causes the abort detect status bit 
(RSR[6]) to be set. The receiver then enters 
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FLAG search mode. The abortis stripped from 
the received data stream. 


If a zero followed by 15 contiguous ones is de- 
tected, the idle detect status bit RSR[3] is set. 
This comparison is done whenever the receiv- 
eris enabled. Therefore, it can occur before or 
after a received frame. 


Zero deletionis performed during BOP receive. 
A zero after 5 contiguous ones is deleted from 
the data stream regardless of character bound- 
aries. Deleted zeros are not subject to CRC ac- 
cumulation. FLAG, ABORT, and IDLE 
comparisons are clone prior to zero deletion. 


If external synchronization is programmed 
(RPR[4] - 1), the internal FLAG detection and 
address comparison logic is disabled and re- 
ceipt of FLAGs is not required. In this arrange- 
ment, a pulse on the SYNI-N input pin will 
establish synchronization and terminate hunt 
phase. The receiver will then go immediately 
into the I-field mode with zero deletion disabled, 
assembling and transferring characters into the 
FIFO with the character length specified in 
RPR[1:)]. The SYNI-N pin is ignored after the 
first input on the SYNI-N pin is received. The 
receiver must be disabled and then reenabled 
to resynchronize or to return to normal operat- 
ing mode. 


This mode must be programmed in conjunction 
with CMR1[2:0] = 110. Refer to the description 
of RPR{[4] for further details. 


BOP Loop Mode 

Operation of the receiver in BOP loop protocol 
mode is similar to operation in other BOP 
modes, except that only certain frame formats 
are supported. Several character detection 
functions that interact with the operation of the 
transmitter commands are added: 


1. When the ‘go on-loop’ command is in- 
voked, the receiver looks for the receipt of 
a zero followed by seven ones and then 
asserts the LCN output. 


2. When the ‘go off-loop’ command is in- 
voked, the receiver looks for the receipt of 
eight contiguous ones and then negates 
the LCN output. 


3. The TxD output normally echoes the re- 
ceive input with a two bit time delay. 
When the ‘go active on poll’ command is 
asserted, the receiver looks for an EOP (a 
zero followed by seven ones) and then 
switches the Tx1D output line to the normal 
transmitter output. Receipt of an EOP or 
an ABORT sets RSR[6]. 


4. Receipt of a turnaround sequence (eight 
contiguous zeros) terminates the transmit- 
ter operation, if any, and returns the TxD 
output to echoing the RxD input. RSR[3] 
is set if a turnaround is received. 

See transmitter operation for additional details. 
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SUMMARY OF COP FEATURES 


COP Dual SYN Mode 


SYN detect SYN1-SYN2 
Linefill SYN1-SYN2 


SYN stripping SYN1-SYN2 used to establish character sync, i.e., leading SYNs. Subsequent to this (after receiving 
first non-SYN character), SYN1 and SYN1-SYN2 if stripping is specified by RPR[7]. 


Excluded form FCS** SYN1 and SYN1-SYN2 before beginning of message, i.e., leading SYNs and, if SYN stripping is speci- 
fied by RPR[7] anywhere else in the message for the Rx; linefill SYN1-SYN2 for Tx regardless of 
RPR[7]. (If SYN stripping is not specified, then SYNs within a message will be included in FCS by Rx.) 


BISYNC normal mode 
SYN detect SYN1-SYN2 
Linefill FYN1-SYN2 


SYN stripping SYN1-SYN2 used to establish character sync, i.e., leading SYNs. Subsequent to this (after receiving 
first non-SYN character), SYN1 and SYN1-SYN2 if stripping is specified by RPR[7]. 


Excluded from FCS All SYNs either before or within a message, regardless of RPR[7], plus additional characters as required 


by the protocol. 


BISYNC transparent mode 
SYN detect *DLE-SYN1 


Linefill *DLE-SYN1 
SYN/DLE stripping *DLE-SYN1 and odd DLEs if stripping is specified by RPR[7]. 
Excluded from FCS *DLE-SYN1 and odd DLEs, regardless of RPR[7] plus additional characters as required by the protocol. 


COP single SYN mode 


SYN detect SYN1 
Linefill SYN1 


SYN stripping SYN1 used to establish character sync, i.e., leading SYNs. Subsequent to this, SYN1 if stripping is 
specified by RPR[7}. 


Excluded from FCS** SYN1 before beginning of message, i.e., leading SYNs, and if SYN stripping is specified by RPR[7], 
anywhere else in the message for the Rx; linefill SYN1 for Tx regardless of RPR[7]. (If SYN stripping is 
not specified, then SYNs within a message will be included in FCS by Rx.) 


NOTES: 

. DLE indicates last DLE of an odd number of consecutive DLEs. 

** In non-BISYNC COP modes (single or dual SYN case), if SYN stripping is off, i.e., RPR[7] = 0, then SYNs within a message will be in- 
cluded in FCS by receiver. Therefore, the remote DUSCC transmitter should be careful not to let the TxFIFO underrun since the linefill 
SYN characters are not accumulated in FCS by the transmitter regardless of RPR[7]. Letting the TxFIFO underrun will result ina CRC 
error in the receiver. 


RESETN 


WF05810S 


Figure 12. Reset Timing 
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DTACKN 


Figure 13. Bus Timing (Read Cycle) 


COMMAND 
VALID 


WF07162S 


Figure 14. Command Timing 
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DTACKN 


Figure 15. Bus Timing (Write Cycle) 


Figure 16. Interrupt Cycle Timing 
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GPI1N 
ANO/OR GPI2N 


PO1N 
AND/OR oponk OLD DATA NEW DATA 


Figure 17. Port Timing 


Figure 18. Interrupt Timing 


C1= C2: 0-5pF + (STRAY <5pF) 


DRIVING 
FROM EXTERNAL 
SOURCE 
+ 5V 
20) 4703: 
X1/CLK 
CTCLK 
RxC x1 
TxC 


r—@0 


X2 


14.7456 MHz 


CRYSTAL SERIES RESISTANCE SHOULD 
BE LESS THAN 180 OHMS. 


TC01772S 


Figure 19. Clock Timing 
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1 BIT TIME 
(1 OR 16 CLOCKS) 


TxC 
(INPUT) 


@) 


TxC 
(1x OUTPUT) 


WF05872S 


Figure 20. Transmit Timing 


SYNOUT \ 


RxC (1x) 
INPUT 


@3) @4) 


WF05882S 


Figure 21. Receive Timing 


WF05890S 


Figure 22. Interrupt Daisy Chain Timing 
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ROYN 
(OTACKN) 


DONEN 
(INPUT) 


TxORQN 


DONEN 
(OUTPUT) 


WFO05904S 


Figure 23. DMA Transmit Write Timing — Single Adress DMA Mode 


RTxDAKN 


RDYN 
(DTACKN) 


DONEN 
(OUTPUT) 


RTxORQN 


WF05912S 


Figure 24. DMA Receiver Read Timing — Single Address DMA Mode 
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DONEN 
(OUTPUT) 


DTACKN 


DONEN 
(INPUT) 


@ 


TxDRQN 


TRANSMIT DUAL ADORESS DMA MODE 


DONEN (OUTPUT) 
(EOM) 


RTxDRQN 


Figure 25. Dual Address DMA Mode Timing 


WF05924S 
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DESCRIPTION 

The Signetics 68661 EPCI is a universal 
synchronous/asynchronous data commu- 
nications controller chip that is an en- 
hanced version of the 68661. It interfaces 
easily to all 8-bit and 16-bit microproces- 
sors and may be used in a polled or inter- 
rupt driven system environment. The 
68661 accepts programmed instruction 
from the microprocessor while supporting 
many serial data communications disci- 
plines —synchronous and asynchronous 
— in the full — or half-duplex mode. Spe- 
cial support for BISYNC is provided. 


The EPCI serializes parallel data charac- 
ters received from the microprocessor for 
transmission. Simultaneously, it can re- 
ceive serial data and convert it into parallel 
data characters for input to the microcom- 
puter. 


The 68661 contains a baud rate generator 
which can be programmed to either ac- 
cept an external clock or to generate inter- 
nal transmit or receive clocks. Sixteen 
different baud rates can be selected under 
program control when operating in the in- 
ternal clock mode. Each version of the 
EPCI (A, B, C) has a different set of baud 
rates. 


FEATURES 

@ Synchronous operation 
— 5- to 8-bit characters plus parity 
— Single or double SYN operation 


— Internal or external character syn- 
chronization 


— Transparent or non-transparent 
mode 


— Transparent mode DLE stuffing 
(Tx) and detection (Rx) 


— Automatic SYN or DLE and DLE- 
SYN stripping 


— Odd, even, or no parity 


— Local or remote maintenance 
loopback mode 


— Baud rate: DC to 1Mbps (1X 
clock) 
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e Asynchronous operation 
— 5- to 8-bit characters plus parity 
— 1, 1-1/2 or 2 stop bits transmitted 
— Odd, even, or no parity 


— Parity, overrun and framing error 
detection 


— Line break detection and genera- 
tion 
— False start bit detection 


— Automatic serial echo mode 
(echoplex) 


— Local or remote maintenance 
loopback mode 


— Baud rate: DC to 1Mbps 
(1X clock) 
DC to 62.5kbps (16X clock) 
DC to 15.625kbps 
(64X clock) 


OTHER FEATURES 
@ Internal or external baud rate clock 


@ 3 baud rate sets 
® 16 internal rates for each set 


@ Double-buffered transmitter and re- 
ceiver 


@ Full- or half-duplex operation 
@ TTL compatible inputs and outputs 


® RxC and TxC pins are short-circuit 
protected 


@ Single +5V power supply 


@ No system clock required 


APPLICATIONS 
e Intelligent terminals 


e Network processors 

e Front-end processors 

e Remote data concentrators 
e Computer-to-computer links 
e Serial peripherals 

e BISYNC adaptors 
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PIN CONFIGURATION 


ORDERING INFORMATION 


PACKAGES ORDER CODE* 
6866 1A/BXA 
28—Pin Ceramic DIP 6866 1B/BXA 
68661C/BXA 
NOTES: 
* See Table 1 for Baud Rate Definition for A, 
B, or C. 


The 68661 is identical to the 2661. Order us- 
ing part numbers above. 
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BLOCK DIAGRAM 


DATA BUS 
ia-0y DATA BUS 


BUFFER 


OPERATION CONTROL 


MODE REGISTER 1 


BAUD RATE 
GENERATOR 
AND 
CLOCK CONTROL 


MODEM 
CONTROL 


NOTES: 
. Open-drain output pin. 
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SNE/DLE CONTROL 


SYN 1 REGISTER 
SYN 2 REGISTER 
DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 
RECEIVE 
SHIFT REGISTER 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


Tste Storage temperature range 
VMAX All voltages with respect to ground? 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER LIMITS UNIT 
Nom 


| Min 
[suevwemase SS SSCSC~— AS 
[ahievetineurvotegs Ci 
[Towtevetinputwtage SY 


-65 to +150 
—0.5 to +6.0 


Low level output current 
High level output current 
Operating free—air temperature range? —55 to +125 a ® 


DC ELECTRICAL CHARACTERISTICS%: 5: 6 


SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 
[Min | typ | Max _ 

Output voltage 

Vou Low Voc = MIN, lo. = MAX V 

— High Voc = MIN, low = MAX V 


3—State output leakage current 


lozH Data bus High A cd ee ale 4. yer 10 [A 
OZL Data bus Low cc X, Vo = 0.45 10 LA 


fico | Power supply current Voc = MAX 150 


CAPACITANCE Ta = 25°C, Voc = OV 


SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 
[Min | Typ | Max 


Capacitance 


20 pF 
fo = 1MHz 20 pF 
Input/Output Unmeasured pins tied to ground 20 pF 
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AC ELECTRICAL CHARACTERISTICS? 5: 6 12 


SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 
| Min | Typ | Max 

tres Reset 1000 ns 

toe Chip enable 250 ns 


Setup and hold time 


Address setup 
Address hold 
RW control setup 
RW control hold 
Data setup for write 
Data hold for write 
RX data setup 

RX data hold 


Data delay time for read C, = 150pF 
Data bus floating time for read C, = 150pF 
CE to CE delay 


Baud rate generator (2661A, B) 1.0 4.9152 | 4.9202 MHz 
Baud rate generator (2661C) 1.0 5.0688 | 5.0738 MHz 
dc 1.0 MHz 


Baud rate High (2661A, B) 
Baud rate High (2661C) 
Baud rate Low (2661A, B) 
Baud rate Low (2661C) 
TxC or RxC High 

Tx or RxC Low 


TxD delay from falling edge of TxC C, = 150pF 


Skew between TxD changing and falling edge C. = 150pF 
of TxT output? 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum function temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effect of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Over recommended free-air operating temperature range and supply voltage range unless otherwise specified. For conditions shown as 
MIN or MAX, use the appropriate value specified under recommended operating conditions. 

5. All voltages measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgay and tgp) and at 
0.8V and 2.0V for outputs. Input levels swing between 0.4V and 2.4V, with a transition time of < 20ns maximum. 


6. Typical values are at +25°C, typical supply voltages and typical processing parameters. 

7. INTR, TxRDY, RxRDY and TxEMT/DSCHG outputs are open-drain. 

8. Parameter applies when internal transmitter clock is used. 

Under test conditions of 5.0688MHz fgrc (68661) and 4.9152MHz fgrcg (68661A, B), tga and tga, measured at Viy and Vi_, respectively. 
10. In asynchronous local loopback mode, using 1X clock, the following parameters apply: fay = 0.83MHz max and tayz_ = 700ns min. 

11. See AC load conditions. 


© 
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BLOCK DIAGRAM 

The EPCl consists of six major sections. These 
are the transmitter, receiver, timing, operation 
control, modern control and SYN/DLE control. 
These sections communicate with each other 
via an internal data bus and an internal control 
but. The internal data bus interfaces to the mi- 
croprocessor data bus via a data bus buffer. 


Operation Control 

This functional block stores configuration and 
operation commands from the CPU and gener- 
ates appropriate signals to various internal sec- 
tions to control the overall device operation. It 
contains read and write circuits to permit com- 
munications with the microprocessor via the 
data bus and contains mode registers 1 and 2, 
the command register, and the status register. 
Details of register addressing and protocol are 
presented in the EPCI programming section of 
this data sheet. 


Table 1. 
68661A (BRCLK = 4.9152MHz) 


ACTUAL FREQUENCY PERCENT 


68661B (BRCLK = 4.9152MHz) 


BAU ACTUAL FREQUENCY PERCENT 
16X CLOCK ERROR 


D RATE 
> 5 


73 
110 
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Timing 

The EPCI contains a Baud Rate Generator 
(BRG) which is programmable to accept exter- 
nal transmit or receive clocks or to divide an ex- 
ternal clock to perform data communications. 
The unit can generate 16 commonly used baud 
rates, any one of which can be selected for full- 
duplex operation. See Table 1. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts this serial input to parallel format, 
checks for bits or characters that are unique to 
the communication technique and sends an 
“assembled” character to the CPU. 


Transmitter 
The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 


Baud Rate Generator Characteristics 


7 ‘alee 


toes 
2.152 
2.4 
3.2 
4.8 
9.6 
16.8329 
19.2 
28.7438 
31.9168 
38.4 
76.8 
153.6 
307.2 


. owe 


12 
1,7598 
2.152 
2.4 
4.8 
9.6 
19.2 
28.7438 
31.9168 
38.4 
76.8 
153.6 
307.2 
614.4 
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the appropriate characters or bits (basedon the 
communication technique) and outputs a com- 
posite serial stream of data on the TxD output 


pin. 


Modem Control 

The modern control section provides interfac- 
ing for three input signals and three output sig- 
nals used for “handshaking” and _ status 
indication between the CPU and a modern. 


SYN/DLE Control 

This section contains control circuitry and three 
8-bit registers storing the SYNB1, SYN2, and 
DLE characters provided by the CPU. These 
registers are used in the synchronous mode of 
operation to provide the characters required for 
synchronization, idle fill and data transparency. 


DIVISOR 


DIVISOR 
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68661C (BRCLK = 5.0688MHz) 


ACTUAL FREQUENCY PERCENT 
BAUD RATE 16X CLOCK ERROR 


NOTE: 


DIVISOR 


16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and BRG can be used only for TxC. 


OPERATION 

The functional operation of the 68661 is pro- 
grammed by a set of control words supplied by 
the CPU. These control words specify items 
such as synchronous or asynchronous mode, 
baud rate, number of bits per character, etc. 
The programming procedure is described in the 
EPCI programming section of the data sheet. 


After programming, the EPCI is ready to per- 
form the desired communications functions. 
The receiver performs serial to parallel conver- 
sion of data received from a modem or equiva- 
lent device. The transmitter converts parallel 
data received from the CPU to a serial bit 
stream. These actions are accomplished with- 
in the framework specified by the control words. 


Receiver 

The 68661 is conditioned to receiver data when 
the DCD input is Low and the RxEN bit in the 
commands register is true. In the asynchro- 
nous mode, the receiver looks for High-to—Low 
(mark to space) transition of the start bit on the 
RxD input line. If a transition is detected, the 
state of the RxD line is sampled again after a 
delay of one-half of a bit-time. If RxD is now 
high, the search for a valid start bit is begun 
again. If RxD is still Low, a valid start bit is as- 
sumed and the receiver continues to sample 
the input line at one bit time intervals until the 
proper number of data bits, the parity bit, and 
one stop bit have been assembled. The data 
are then transferred to the receive data holding 
register, the RxRDY bit in the status register is 
set, and the RxRDY output is asserted. If the 
character length is less than 8 bits, the High or- 
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der unused bits in the holding register are set 
to zero. The parity error, framing error, and 
overrun error status bits are strobed into the 
status register on the positive going edge of 
RxC corresponding to the received character 
boundary. If the stop bitis present, the receiver 
will immediately begin its search for the next 
Start bit. Ifthe stop bitis absent (framing error), 
the receiver will interpret a space as a start bit 
if it persists into the next bit timer interval. Ifa 
break condition is detected (RxD is Low for the 
entire character as well as the stop bit), only 
one character consisting of all zeros (with the 
FE status bit SR5 set) will be transferred to the 
holding register. The RxD input must return to 
a High condition before a search for the next 
start bit begins. 


Pin 25 can be programmed to be a break detect 
output by appropriate setting of MR27—MR24. 
If so, a detected break will cause that pin to go 
High. When RxD returns to mark for one RxC 
time, pin 25 will go low. Refer to the Break De- 
tection Timing Diagram. 


When the EPCI is initialized into the synchro- 
nous mode, the receiver first enters the hunt 
mode on a0 to 1 transition of RXEN (CR2). In 
this mode, as data are shifted register a bit at 
a time, the contents of the register are com- 
pared to the contents of the SYN1 register. If 
the two are not equal, the next bit is shifted in 
and the comparison is repeated. When the two 
registers match, the hunt mode is terminated 
and character assembly mode begins. If single 
SYN operation is programmed, the SYN DE- 
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TECT status bitis set. If double SYN operation 
is programmed, the first character assembled 
after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the EPCI re- 
turns to the hunt mode. (Note that the se- 
quence SYN1-—SYN1-SYN2 will not achieve 
synchronization.) When synchronization has 
been achieved, the EPCI continues to as- 
semble characters and transfer then to the 
holding register, setting the RxRDY status bit 
and asserting the RxRDY output each time a 
characteris transferred. The PE andOE status 
bits are set as appropriate. Further receipt of 
the appropriate SYN sequence sets the SYN 
DETECT status bit. If the SYN stripping mode 
is commanded, SYN characters are not trans- 
ferred to the holding register. Note thatthe SYN 
characters used to establish initial synchroni- 
zation are not transferred to the holding register 
in any case. 


External jam synchronization can be achieved 
via pin 9 by appropriate setting of MR27—MR24. 
When pin 9 is an XSYNC input, the internal 
SYN1, SYN1-SYN2, and DLE-SYN1 detec- 
tion is disable. Each positive going signal on 
XSYNC willcause the receiver to establish syn- 
chronization on the rising edge of the next RxC 
pulse. Character assembly will start with the 
RxD input at this edge. XSYNC may be low- 
eredon the next rising edge of RxD. This exter- 
nal synchronization will cause the SYN 
DETECT status bit to be set until the status reg- 
ister is read. Refer to XSYNC timing diagram. 
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Table 2. CPU-—Related Signals 


INPUT/ 
OUTPUT 


27,28,1,2,5-8 


15 


Table 3. Device—Related Signals 


INPUT/ 
OUTPUT 
| 


BRCLK 20 


RxC/BKDET 


TxC/XSYNC 
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FUNCTION 


A High on this input performs a master reset on the 68661. This signal asynchronously termi- 
nates any device activity and clears the mode, command and status registers. The device as- 
sumes the idle state and remains there until initialized with the appropriate control words. 


Address lines used to select internal EPCI registers. 
Read command when Low, write command when High. 


Chip enable command. When Low, indicates that control and data lines to the EPCI are valid 
and that the operation specified by the RW, A1 and AO inputs should be performed. When High, 
places the DO-D7 lines in the 3-State condition. 

8—bit, 3-State data bus used to transfer commands, data and status between EPCI and the 
CPU. DO is the least significant bit, D7 the most significant bit. 


This output is the complementof status register bit SRO. When Low, itindicates that the transmit 
data holding register (THR) is ready to accepta data character from the CPU. Itgoes High when 
the data character is loaded. This output is valid only when the transmitter is enabled. Itis an 
open-drain output which can be used as an interrupt to the CPU. 


This outputis the complement of status register bitSR1. When Low, it indicates that the receive 
data holding register (RHR) has a character ready for input to the CPU. It goes High when the 
RHR is ready the CPU, and also when the receiver is disabled. It is an open-drain output which 
can be used as an interrupt to the CPU. 


This output is the complement of status register bit SR2. When Low, it indicates that the trans- 
mitter has completed serialization of the last character loaded by the CPU, or that a change of 
state of the DSR or DCDE inputs has occurred. This output goes High when the status register 
is ready by the CPU, if the TxEMT condition does notexist. Otherwise, the THR must be loaded 
by the CPU for this line to go high. Itis an open—drain output which can be used as an interrupt 
to the CPU. See Status Register (SR2) for details. 


FUNCTION 


Clock input to the internal baud rate generator (see Table 1). Not required if external receiver 
and transmitter clocks are used. 


Receiver clock. If external receiver clock is programmed, this input controls the rate at which 
the character is to be received. Its frequency is 1X, 16X or 64X the baud rate, as programmed 
by mode register 1. Data are sampled on the rising edge of the clock. If internal receiver clock 
is programmed, this pin can be a 1X/16X clock or a break detect output pin. 


Transmitter clock. If external transmitter clock is programmed, this input controls the rate at 
which the character is transmitted. Its frequency is 1X, 16X or 64X the baud rate, as pro- 
grammed by mode register 1. The transmitted data changes on the falling edge of the clock. 
If internal transmitter clock is programmed, this pin can be a 1X/16X clock output or an external 
jam synchronization input. 


Serial data input to the receiver. “Mark” is High, “space” is Low. 


Serial data output from the transmitter. “Mark” is High, “Space” is Low. Held in mark condition 
when the transmitter is disabled. 


General purpose input which can be used for data setready orring indicator condition. Its com- 
plement appears as status register bit SR7. Causes a Low output on TXEMT/DSCHG when 
its state changes if CR2 or CRO = 1. 


Data carrier detect input. Must be Low in order for the receiver to operate. Its complement ap- 
pears as status register bit SR6. Causes a Low output on Tx /DSCHG when its state 
changes if CR2 or CRO = 1. If DCD goes High while receiving, the RxC is internally inhibited. 


Clear to send input. Must be Low in order for the transmitter to operate. If it goes High during 
transmission, the character in the transmit shift register will be transmitted before termination. 


General purpose output which is the complement of command register bitCR1. Normally used 
to indicate data terminal ready. 


General purpose output which is the complement of command register bit CR5. Normally used 
to indicate request to send. See Command Register (CRS) for details. 


306 


Signetics Military Microprocessor Products 


Product Specification 


Enhanced Programmable Communications 


Interface (EPCI) 


68661/2661 


Transmitter 

The EPCl is conditioned to transmit data when 
the CTS input is Low and the TxEN command 
register bit is set. The 68661 indicates to the 
CPU thatit can accepta character for transmis- 
sion by setting the TxRDY status bit and assert- 
ing the TxRDY output. When the CPU writes 
a character into the transmit data holding regis- 
ter, these conditions are negated. Data re 
transferred from the holding register to the 
transmit shift register when itis idle or has com- 
pleted transmission of the previous character. 
The TxRDY conditions are then asserted 
again. Thus, one full character time of buffering 
is provided. 


In the asynchronous mode, the transmitter au- 
tomatically sends a start bit followed by the pro- 
grammed number of data bits, the least 
significant bit being sent first. It then appends 
an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following 
transmission of the data bits, a new character 
is not available in the transmit holding register, 
the TxD output remains in the marking (High) 
condition and the TXEMT/DSCHG output and 
its corresponding status bit are asserted. 
Transmission resumes when the CPU loads a 
new character into the holding register. The 
transmitter can be forced to output a continu- 
ous Low (BREAK) condition by setting the send 
break command bit (CR3) High. 


In the synchronous mode, when the 68661 is 
initially conditioned to transmit, the TxD output 
remains High and the TxRDY condition is as- 
serted until the first character to be transmitted 
(usually a SYN character) is loaded by the 
CPU. Subsequentto this, acontinuous stream 
of characters is transmitted. No extra bits (oth- 
er than parity, if commanded) are generated by 
the EPCI unless the CPU fails to send a new 
character to the EPCI by the time the transmit- 
ter has completed sending the previous char- 
acter. Since synchronous communication does 
not allow gaps between characters, the EPCI 
asserts TxEMT and automatically “fills” the gap 
by transmitting SYN1s, SYN1—-SYN2 doublets, 
or DLE—-SYN1 doubles, depending on the state 
of MR16 and MR17. Normal transmission of 
the message resumes when anew character is 
available in the transmit data holding register. 
If the send DLE bit in the commands register is 
true, the DLE character is automatically trans- 
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mitted prior to transmission of the message 
character in the THR. 


EPC] PROGRAMMING 

Prior to initiating data communications, the 
68661 operational mode must be programmed 
by performing write operations to the mode and 
command registers. In addition, if synchronous 
operation is programmed, the appropriate 
SYN/DLE registers must be loaded. The EPCI 
canbe reconfigured at any time during program 
execution. A flowchart of the initialization pro- 
cess appears in Figure 1. 


The internal registers of the EPCl are accessed 
by applying specific signals to the CE, R/W, A1 
and AO inputs. The conditions necessary to ad- 
dress each register are shown in Table 4. 


The SYN1, SYN2, and DLE registers are ac- 
cessed by performing write operations with the 
conditions A1 =0, AO = 1,and R/W =1. The first 
operation loads the SYN1 register. The next 
loads the DLE register. Reading or loading the 
mode registers is done ina similar manner. The 
first write (or read) operation addresses mode 
register 1, and a subsequent operation ad- 
dresses mode register 2. If more than the re- 
quired number of accesses are made, the 
internal sequencer recycles to point at the first 
register. The pointers are reset to SYN1 regis- 
ter and mode register 1 by a RESET input or 
by performing a read command register opera- 
tion, but are unaffected by any other read or 
write operation. 


The 68661 register formats are summarized in 
Tables 5,6, 7and8. Mode registers 1 and 2 de- 
fine the general operational characteristics of 
the EPCI, while the command register controls 
the operation within this basic framework. The 
EPCI indicates its status in the status register. 
These registers are cleared when a RESET in- 
put is applied. 


Mode Register 1 (MR1) 

Table 5 illustrates mode register 1. Bits MR11 
and MR10 select the communication format 
and baud rate multiplier. 00 specifies synchro- 
nous format. However, the multiplierin asynch- 
ronous format applies only if the external clock 
input option is selected by MR24 or MR25. 


MR13 and MR12 selecta character length of 5, 
6, 7or8bits. The character length does notinc- 
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clude the parity bit, if programmed, and does 
not include the start and stop bits in asynchro- 
nous mode. 


MR 14 controls parity generation. If enabled, a 
parity bit is added to the transmitted character 
and the receiver performs a parity check on in- 
coming data. MR15 selects odd or even parity 
when parity is enabled by MR14. In asynchro- 
nous mode, MR17 and MR‘16 select character 
framing of 1, 1.5, or 2 stop bits. (If 2X baud rate 
is programmed, 1.5 stop bits defaults to 1 stop 
bits on transmit.) In synchronous mode, MR17 
controls the number of SYN characters used to 
establish synchronization and for character fill 
when the transmitter is idle. SYN1 alone is used 
if MR17 = 1, and SYN1-SYN2 is used when 
MR17 =0. Ifthe transparent mode is specified 
by MR16, DLE-SYN1 is used for character fill 
and SYN detect, buthe normal synchronization 
sequence is sued to establish character sync. 
When transmitting, a DLE character in the 
transmit holding register will cause a second 
DLE character to be transmitted. This DLE 
stuffing eliminates the software DLE compare 
and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active 
when a DLE is loaded into THR, only one addi- 
tional DLE will be transmitted. Also, DLE strip- 
ping and DLE detect (with MR14 = 0) are 
enabled. 


The bits in the mode register affecting character 
assembly and disassembly (MR12—MR16) can 
be changed dynamically (during active receive/ 
transmitoperation). The character mode regis- 
ter affects both the transmitter and receiver; 
therefore in synchronous mode, changes 
should be made only in half-duplex mode 
(RxEN = 1 or TXEN = 1, but not both simulta- 
neously = 1). IN asynchronous mode, charac- 
ter changes should be made when RxEN and 
TxEN =0 or when TXEN = 1 and the transmitter 
is marking in half-duplex mode (RxEN = 0). 


To effect assembly/disassembly of the next re- 
ceived/transmitted character, MR12 — 15 must 
be changedwithin n bit times of the active going 
state of RxRDY/TxRDY. Transparent and 
non-transparent mode changes (MR16) must 
occur within n—1 bit times of the character to be 
affected when the receiver or transmitter is ac- 
tive. (n — smaller of the new and old character 
lengths.) 
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Table 4. 68661 Register Addressing 
R/wW 


FUNCTION 


3-—State data bus 
Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 
Read mode register 1/2 

Write mode register 1/2 

Read command register 

Write command register 


seesnne 
ocsssoe 
-"=- OO + = OO x , 


-0Oo+-'0+?:0-0X< 


INITIAL RESET 


LOAD 
MODE REGISTER 1 
LOAD NOTE 
MODE REGISTER 2 Mode Register 1 must be written 


before 2 can be written. Mode Register 2 
need not be programmed if external 


clocks are used. 
: SYNCHRONOUS? 


Y 
LOAD 
SYN 1 REGISTER NOTE 


SYN1 Register must be written 
before SYN2 can be written, and 


#) SYN2 before DLE can be written. 
DOUBLE N 
~- Li 
Y 
TRANSPARENT 
LOAD MODE? 
SYN 2 REGISTER 
N 
TRANSPARENT 
MODE? 


y 
LOAD 
DLE REGISTER 


N 


c--— 


| OPERATE \ 


— 


RECONFIGURE? 


Y 
DISABLE 
RCVR AND XMTR 


——> <a - 7 


— <= ax od 


PF00440S 


Figure 1. 68661 Initialization Flowchart 
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Table 5. Mode Register 1 (MR1) 


Sync/Async Parity Type | Parity Control Character Length Mode and Baud Rate Factor 


Async: Stop bit length 


00 = invalid 0 = Disabled 00 = 5 bits 00 = Synchronous 1X rate 
01 = 1 stop bit 1 = Enabled 01 = 6 bits 01 = Asynchronous 1X rate 
10 = 1 1/2 stop bits 10 = 7 bits 10 = Asynchronous 16X rate 


11 = 2 stop bits 11 =8 bits 11 = Asynchronous 64X rate 


Syne: Sync: 
Number of Transparency 
SYN char control 


0 = Double SYN | 0 = Normal 
1 = Single SYN 1 = Transparent 


NOTE: Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if internal clock is selected. Mode must be 
selected (MR11, MR10) in any case. 


Table 6. Mode Register 2 (MR2) 


: : / : Baud Rate 
Ping Pin 25 Pin 25 


RXC/TxC 
BKDET 
RxC 
BKDET See baud rates 
RxC/TxC in Table 1. 
BKDET 
RxC 
16X BKDET 


——mm—-—-—mm 


NOTES: 

* When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 
E = External clock 

| = Internal clock (BRG) 

1X and 16X are clock outputs. 


Table 7. Command Register (CR) 
CR5 CR4 


Receive ; Transmit 
Operating Mode inGend Reset Error Sync/Async Control ae Control 
- (RxEN) y (TxEN) 


00 = Normal operation 0 = Normal 0 = Disable 0 = Force DTR | 0 = Disable 
01 = Async: Output High | 1 = Reseterror | Force Break 1 = Enable output High | 1 = Enable 
Automatic one clock flags in 0 = Normal 1 = Force DTR 
Echo mode time after status reg. 1 = Force break output Low 
Sync: SYN and/or DLE TxSR (FE,OE,PE/ 
stripping mode serialization DLE detect.) 
Local loopback 1 = Force RTS Sync Not applicable 
Remote loopback output Low Send DLE in 
0 = Normal 
1 = Send DLE 


October 10, 1988 309 


Signetics Military Microprocessor Products Product Specification 


Enhanced Programmable Communications 


2661 
Interface (EPCI) 68661/266 


Table 8. 
SR7 


Data Set 
Ready 


Status Register (SR) 


Data Carrier FE/SYN PE/DLE TxEMT 
Detect Detect Detect DSCHG 


Async: 0 = Normal Async: 0 = Normal 
0 = Normal 1 = Overrun 0 = Normal 1 = Change in 
1 = Framing error 1 = Parity error DSR or 
error DCD, or 
transmit 
shift 
register is 
empty 


0 = Transmit 
holding 
register 
busy 

1 = Transmit 
holding 
register 
empty 


0 = Receive 
holding 
register 
empty 

1 = Receive 
holding 
register 
has data 


O = DSR input 
is High 
1 = DSR input 


is Low 


Sync: 

0 = Normal 

1= SYN 
detected 


Syne: 

0 = Normal 

1 = Parity error 
or DLE 


Mode Register 2 (MR2) 

Table 6 illustrates mode register 2. MR23, 
MR22, MR21 and MR20 control the frequency 
of the internal baud rate generator (BRG). Six- 
teenrates are selectable for each EPCI version 
(-1,-2,-3). Versions 1 and 2 specify a 
4.9152MHz TTL input at BRCLK (pin 20); ver- 
sion 3 specifies a 5.0688MHz input which is 
identical to the Signetics 2651. MR23-—20 are 
don't cares if external clocks are selected 
(MR25 — MR24 = 0). The individual rates are 
given in Table 1. 


MR24 — MR27 select the receive and transmit 
clock source (either the BRG or an external in- 
put) and the function at pins 9 and 25. Refer to 
Table 6. 


Command Register (CR) 

Table 7 illustrates the command register. Bits 
CRO (TXxEN) andCR2 (RxEN) enable ordisable 
the transmitter and receiver respectively. A O— 
to—1 transition of CR2 forces start bit search 
(async mode) or hunt mode (sync mode) on the 
second RxC rising edge. Disabling the receiver 
causes RxRDY to go High (inactive). If the 
transmitter is disabled, it will complete the 
transmission of the character in the transmit 
shift register (if any) prior to terminating opera- 
tion. The TxD output will then remain in the 
marking state (High) while TXRDY and TxEMT 
will go High (inactive). If the receiver is dis- 
abled, it will terminate operation immediately. 
Any character being assembled will be ne- 
glected. A 0—-to-1 transition of CR2 will initiate 
Start bit search (async) or hunt mode (sync). 


Bits CR1 (DTR) and CR5 (RTS) control the 
DTR and RTS outputs. Data at the outputs are 
the logical complement of the register data. 


In asynchronous mode, setting CR3 will force 
and hold the TxD output Low (spacing condi- 
tion) at the end of the current transmitted char- 
acter. Normal operation resumes when CR3 is 
cleared. The TxD line will go High for at least 
one bit time before beginning transmission of 
the next character in the transmit data holding 
register. In synchronous mode, setting CR3 
causes the transmission of the DLE register 
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received 


;contents prior to sending the character in the 
transmit data holding register. Since this is a 
one time command, CR3 does not have to be 
reset by software. CR3 should be set when en- 
tering and exiting transparent mode and for all 
DLE-—non—DLE character sequences. 


Setting CR4 causes the error flags in the status 
register (SR3, SR4, and SRS5) to be cleared.. 
this is aone time command. There is not inter- 
nal latch for this bit. 


When CR85 (RTS) is set, the RTS pin is forced 
Low. A 1-to-0 transition of CR5 will cause RTS 
to go High (inactive) one TxC time after the last 
serialbithas been transmitted. Ifa 1—to—0tran- 
sition of CR5 occurs while data is being trans- 
mitted, RTS will remain Low (active) until both 
the THR and the transmit shift register are 
empty and then go High (inactive) one TxC time 
later. 


The EPCl can operate in one of four submodes 
within each major mode (synchronous or 
asynchronous). The operational sub—mode is 
determined by CR7 and CR6. CR7—CR6=00 
is the normal mode, with the transmitter and re- 
ceive operating independently in accordance 
with the mode and status register instructions. 


In asynchronous mode, CR7—CR6 =01 places 
the EPCI in the automatic echo mode. 
Clocked, regenerated received data are auto- 
matically directed to the TxD line while normal 
receiver operation continues. The receiver 
must be enabled (CR2 = 1), but the transmitter 
need not be enabled. CPU to receiver commu- 
nication continues normally, but the CPU to 
transmitter link is disabled. Only the first char- 
acter of a break condition is echoed. 


The TxD output will go High until the next valid 
Start is detected. The following conditions are 
true while in automatics echo mode: 

1. Data assembled by the receiver are auto- 
matically placed in the transmit holding 
register and retransmitted by the transmit- 
ter on the TxD output. 


2. The transmitter is clocked by the receive 
clock. 
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3. TxRDY output = 1. 


4. The TxEMT/DSCHG pin will reflect only 
the data set change condition. 


5. The TxEN command (CRO) is ignored. 


In synchronous mode, CR7 — CR6 = 01 places 
the EPCI in the automatic SYN/DLE stripping 
mode. The exact action taken depends on the 
setting of bits MR}17 and MR16: 

1. In the non-transparent, single SYN mode 
(MR17 — MR16 = 10), characters in the 
data stream rnatching SYN1 are not 
transferred to the Receive Data Holding 
register (RHF). 


2. In the non-transparent, double SYN mode 
(MR17 — MR16 = 00), character in the 
data stream matching SYN1, or SYN2 if 
immediately preceded by SYN1, are not 
transferred the RHR. 


3. In transparent mode (MR16 = 1), charac- 
ter in the data stream matching DLE, or 
SYN1 if immediately preceded by DLE, 
are not transferred to the RHR. However, 
only the first DLE of a DLE—-DLE pair is 
stripped. 


Note that automatic stripping mode does notaf- 
fect the setting of the DLE detect and SYN de- 
tect status bits (SR3 and SRS). 


Two diagnostic sub—modes can also be confi- 

gured. In local loopback mode (CR7 — CR6 = 

10), the following loops are connected 

internally: 

1. The transmitter output is connected to the 
receiver input. 


2. DTR is connected to DCD and RTS is 
connected to CTS. 


3. The receiver is clocked by the transmit 
clock. 


4. The DTR, RTS and TxD outputs are held 
High. 


5. The CTS, DCD, DSR and RxD inputs are 
ignored. 
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Additional requirements to operate in the local 
loopback mode are that CRO (TxEN), CR1 
(DTR) and CR5 (RTS) must be set to 1. CR2 
(RxEN) is ignored by the EPCI. 


The second diagnostic mode is the remote 
loopback mode (CR7 — CR6 = 11). In this 
mode: 

1. Data assembled by the receiver are auto- 
matically placed in the transmit holding 
register and retransmitted by the transmit- 
ter on the TxD output. 


2. The transmitter is clocked by the receiver 
clock. 


3. No data are sent to the local CPU, but he 
error status conditions (PE, FE) are set. 


4. The RxRDY, TxRDY, and TxEMT/ 
DSCHG outputs are held High. 


CRO (TxEN) is ignored. 


o. 1 @ 


All other signals operate normally. 


Status Register 

The data contained in the status register (as 
shown in Table 8) indicates receive rand trans- 
mitter conditions and modem/data set status. 


SROis the transmitter ready (TxRDY) status bit. 
It, and its corresponding output, are valid only 
when the transmitter is enabled. If equal to 0-, 
it indicates that the transmit data holding regis- 
ter has been loaded by the CPU and the data 
has not been transferred to the transmit regis- 
ter. If set equal to 1, itindicates that the holding 
register is ready to accept data from the CPU. 
This bit is initially setwhen the transmitter is en- 
abled by CRO, unless a character has previous- 
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ly been loaded into the holding register. Itis not 
set when the automatic echo or remote loop- 
back modes are programmed. When this bit is 
set, the TxRDY output pin is Low. In the auto- 
matic echo and remote loopback modes, the 
output is held High. 


SR1, the receiver ready (RxRDY) status bit, in- 
dicates the condition of the receive data holding 
register. If set, itindicates thata character has 
been loaded into the holding register from the 
receive shift register and is ready to be read by 
the CPU. If equal to zero, there is no new char- 
acter in the holding register. This bit is cleared 
when the CPU reads the receive data holding 
register or when the receiver is disabled by 
CR2. When set, the RxRDY output is Low. 


The TxEMT/DSCHG bit, SR2, when set, indi- 
cates either a change of state of the DSR or 
DCD inputs (when CR2 or CRO = 1) or that the 
transmit shift register has completed transmis- 
sion of a character and no new character has 
been loaded into the transmit data holding reg- 
ister. Note thatin synchronous mode this bit will 
be seteven though the appropriate “fill” charac- 
ter is transmitted. TxEMT will not go active until 
atleast one character has been transmitted. It 
is cleared by loading the transmit data holding 
register. The DSCHG conditions is enabled 
when TXEN = 1 or RxEN = 1. Itis cleared when 
the status register is read by the CPU. Ifthe sta- 
tus register is read twice and SR2- 1 while SR6 
and SR7 remain unchanged, the a TxEMT con- 
dition exists. When SR2 is set, the TxEMT/ 
DSCHG output is Low. 


SR3, when set, indicates a received parity error 
when parity is enabled by MR14. In synchro- 


311 


nous transparent mode (MR16 = 1), with parity 
disabled, it indicates that a character matching 
DLE register was received and the present 
character is neither SYN2 or DLE. This bit is 
cleared when the next character following the 
above sequence is loaded into RHR, when the 
receiver is disabled, or by a reset error com- 
mand, CR4. 


The overrun error status bit, SR4, indicates that 
the previous character loaded into the receive 
holding register was not ready the CPU at the 
time of new received character was transferred 
into it. This bit is cleared when the receiver is 
disabled or by the reset error command, CR4. 


In asynchronous mode, bit SR5 signifies that 
the received character was not framed by a 
stop bit; i.e., only the first stop bit is checked. 
lf RHR =0 when SR85 = 1, a break condition is 
present. In synchronous non-transparent 
mode (MR16 = 0), it indicates receipt of the 
SYN1 character in single SYN mode or the 
SYN1 — SYN2 pair in double SYN mode. In 
synchronous transparent mode (MR16 = 1), 
this bit is set upon detection of the initial syn- 
chronizing characters (SYN or SYN1—SYN2) 
and, after synchronization has been achieved, 
when a DLE-SYN‘1 pair is received. The bit is 
reset when the receiver is disabled, when the 
reset error command is given in asynchronous 
mode, or when the status register is read by the 
CPU in the synchronous mode. 


SR6 and SR7 reflect the conditions of the DCD 
and DSR inputs, respectively. A Low input sets 
its corresponding status bit, and a High input 
clears it. 
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Table 9. 68661 EPCI vs 2651 PCI 


Second character after DLE, or receiver dis- | Receiver disable, or CR4 = 1 
able, or CR4 = 1 

Automatic DLE stuffing when DLE is loaded | None 
except if CR3 = 1 


Reset CRO when TxEMT goes from 1 to 0. 
Then reset CR5 when TxEMT goes from 
1toO 


Reset CRS in response to TxEMT changing 
from 1 to O 


FE and null character 


Sink 1.6mA 
Source 400UA Source 100A 


. Internal BRG used for RxC. 
** Internal BRG used for TxC. 


AC LOAD CONDITIONS 


OUTPUT OUTPUT 


| 


Cl. = 150pF T Cy = SOpF 


NOTES: 
Open-drain outputs. 
C= Load capacitance includes JIG and probe capacitance. 
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TIMING DIAGRAMS 


BRCLK, 
TxC, RxC 


WF02150S 


WF02520S 


TRANSMIT RECEIVE 


1 BIT TIME 


(1, 16, OR 64 CLOCK FEMIOUS) > 


WF02170S 


(OUTPUT) 


WF02240S 


READ AND WRITE 


Do-0 
(WRITE) 


Dy-D7 BUS NOT BUS 
(READ) eee crue |) VALID DATA VALID | FLOATING 


ln tor 


WF02190S 
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TIMING DIAGRAMS (Continued) 


TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


TxC (1X) 


SYNCRHONOUS MODE 


Ww 
(=) 
° 
= 
” 
> 
oO 
4 
o 
« 
=x 
oO 
, 4 
> 
” 
< 


WF02530S 


NOTES: 
A = Start bit 
= Stop bit 1 
= Stop bit 2 
= TxD marking condition 
TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit. 
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TIMING DIAGRAMS (Continued) 


EXTERNAL SYNCHRONIZATION WITH XSYNC 


teg = XSYNC SETUP TIME = 300ns 


ty, = XSYNC HOLD TIME = ONE RxC 


CHARACTER ASSEMBLY 


WF02540S 
BREAK DETECTION TIMING 


Rx CHARACTER = 5 BITS, NO PARITY 


LOOK FOR START BIT = LOW (IF RxD IS HIGH, LOOK FOR HIGH TO LOW TRANSITION) 
FALSE START BIT CHECK MADE (RxD LOW) 
I 
I 


MISSING STOP BIT 


® 
Pete eee ees 1st DATA BIT MISSING STOP BIT DETECTED, SET FE BIT. 


SAMPLED 0 —> RHR, ACTIVATE RxRDY. SET BKDET PIN 
RxD INPUT —*RxSR UNTIL A MARK TO SPACE 
TRANSITION OCCURS. 


WFO02550S 


NOTE: 
* If the stop bit is present, the start bit search will commence immediately. 
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TIMING DIAGRAMS (Continued) 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


IGNORED 


SYNDET 
STATUS BIT 


SYNCHRONOUS MODE 


READ READ RHR READ RHR READ RHR READ RHR 
STATUS (DATA 1) (DATA 2) (DATA 3) (DATA 3) 


Dim A 


B B 

| 
: l 
| | 


RxRDY 


OVERRUN 
STATUS BIT 


ASYNCHRONOUS MODE 


CE FOR Nr g 
READ 

READ RHR READ RHR 

(DATA 1) (DATA 3) 


WF02560S 


NOTES: 
A Start bit 

Stop bit 1 

Stop bit 2 

TxD marking condition 
one stop bit is detected. 


O 
2 
< 
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TYPICAL APPLICATIONS 


ASYNCHRONOUS INTERFACE TO CRT TERMINAL 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


EIA TOTTL 
CONVERT 


BAUD RATE CLOCK CRT 
OSCILLATOR TERMINAL 


AF00910S 


ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


PHONE 
LINE 
INTERFACE 


BAUD RATE CLOCK 


OSCILLATOR 


TELEPHONE 
LINE 


AF00920S 
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TYPICAL APPLICATIONS (Continued) 


SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


UU 


SYNCHRONOUS 
TERMINAL OR 
PERIPHERAL 
DEVICE 


AF00930S 


SYNCHRONOUS INTERFACE TO TELEPHONE LINES 


ADDRESS BUS 


CONTROL BUS 


PHONE 
LINE 
INTERFACE 


TELEPHONE 
LINE 


AF00940S 
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DESCRIPTION 
The Signetics 68681 Dual Universal 
Asynchronous Receiver/Transmitter 


(DUART) is a single-chip MOS-LSI com- 
munications device that provides two in- 
dependent _ full-duplex asynchronous 
receiverftransmitter channels in a single 
package. It is compatible with other 68000 
family devices, and can also interface 
easily with other microprocessors. The 
DUART can be used in polled or interrupt 
driven systems. 


The operating mode and data format of 
each channel can be programmed inde- 
pendently. Additionally, each receiver and 
transmitter can select its operating speed 
as one of eighteen fixed baud rates, a 16X 
clock derived from a programmable coun- 
ter/timer, or an external 1X or 16X clock. 
The baud rate generator and counter/tim- 
er can operate directly from a crystal or 
from external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications such 
as clustered terminal systems. 


FEATURES 
® 68000 bus compatible 


@ Dual full-duplex asynchronous re- 
ceiver/transmitter 


® Quadruple buffered receiver data 
registers 
© Programmable data format 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force 
parity 
-— 1, 1.5 or 2 stop bits program- 
mable in 1/16-bit increments 


© Programmable baud rate for each 
receiver and transmitter selectable 
from: 
— 18 fixed rates: 50 to 38.4k baud 
— One user-defined rate derived 
from programmable counter/timer 
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68681. 


Dual Asynchronous 
Receiver/Transmitter (DUART) 


Product Specification 


— External 1X or 16X clock PIN CONFIGURATIONS 


® Parity, framing, and overrun error 
detection 


© False start bit detection Al 


IP3 


@ Line break detection and genera- 
° A2 
tion 


1P1 


@ Programmable channel mode Pe 


— Normal (full-duplex) aa 
— Automatic echo IPO 
— Local loopback RIWN 


— Remote loopback DTACKN 
RxDB 


® Multifunction programmable 16-bit 
input port 
— Can serve as clock or control in- 
puts 


TxDB 
OP1 
OP3 
OPS 


— Change of state detection on four Be 
inputs - 

@ Multifunction 8-bit output port 03 
— Individual bit set/reset capability OS 


— Outputs can be programmed to = 


be status/interrupt signals GND 


@ Versatile interrupt system 

— Single interrupt output with eight 
maskable interrupting conditions 

— Interrupt vector output on inter- 
rupt acknowledge 

— Output port can be configured to 
provide a total of up to six sepa- 
rate wire-ORable interrupt out- 
puts. 


@® Maximum data transfer rates: 
1X - 1MB/sec, 16X - 125kB/sec 


@ Automatic wake-up mode for multi- 
drop applications 


® Start-end break interrupt/status 


® Detects break which originates in 
the middle of a character 


ODNMDNAPWN — 


@ On-chip crystal oscillator 
© TTL compatible 
® Single +5V power supply 
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ORDERING INFORMATION 


PACKAGE ORDER CODE 


68681/BQA 
68681/BUA 


CHANNELA 


TRANSMIT 
HOLDING REG 
TRANSMIT 
SHIFT REGISTER 


RECEIVE 
HOLDING REG 
(3) 


RECEIVE 
SHIFT REG 


BUS BUFFER 


OPERATION 
CONTROL 


DTACKN 
ADDRESS 
CSN -————____——_—_—_> DECODE 
4 
R/W CONTROL 


R/WN 


INTERRUPT 
CONTROL 


CHANNEL B 
(AS ABOVE) 


! 


INPUT PORT 


CHANGE OF 
STATE 


TIMING DETECTORS (4) IPO- IP5 


BAUD RATE 
GENERATOR 

CLOCK 
SELECTORS 
COUNTER/ 

TIMER 

X1/CLK ——_________» 
XTAL OSC 
X2 


2) 
> 
@ 
4 
fo 
< 
(=) 
- 
< 
z 
xc 
WwW 
— 
2 


Ce 
— 
a 
a 


OUTPUT PORT 


ro) 

SO 
ed 
E z 
5} = 
Oo 


FUNCTION 
SELECT 


EOGIS OP0-OP7 


BD00180S 
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PIN DESCRIPTION 


SYMBOL | TYPE NAME AND FUNCTION 


Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the DUART and the 
CPU. DO is the least significant bit. 


Chip Select: Active-Low input signal. When Low, data transfers between the CPU and the DUART are enabled on 
DO-D7 as controlled by the R/WN, RDN and A1-A4 inputs. When High, places the DO-D7 lines in the 3-State condi- 
tion. 


Read/Write: A High input indicates a read cycle and a Low input indicates a write cycle, when a cycle is initiated by 
assertion of the CSN input. 


A1-A4 
RESETN 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 

Reset: A Low level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), initializes the IVR to hex OF, puts 
OPO-OP7 in the High state, stops the coutner/timer, and puts Channel A and B in the inactive state, with the TxDA 
and TxDB outputs in the mark (High) state. 


Data Transfer Acknowledge: Three-state active Low output asserted in write, read, or interrupt cycles to indicate 
proper transfer of data between the CPU and the DUART. 


Interrupt Request: Active-Low, open-drain, output which signals the CPU that one or more of the eight maskable 
interrupting conditions are true. 


id 


DTACKN 


INTRN 


IACKN Interrupt Acknowledge: Active-Low input indicating an interrupt acknowledge cycle. In response, the DUART will 


place the interrupt vector on the data bus and will assert DTACKN if it has an interrupt pending. 


X1/CLK Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be supplied at all times. Ifa 


crystal is used, a capacitor must be connected from this pin to ground (see Figure 7). 


X2 Crystal 2: Connection for other side of the crystal. When a crystal is used, a capacitor must be connected from this 


pin to ground (see Figure 7). If an external clock is used, this pin should be grounded. 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, “space” is Low. 
Channel B Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, “space” is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held in the 
“mark” condition when the transmitter is disabled, idle or when operating in local loopback mode. “Mark” is High, 
“space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held in the 
‘mark’ condition when the transmitter is disabled, idle, or when operating in local loopback mode. ‘Mark’ is High, 
‘space’ is Low. 


Output 0: General purpose output or Channel A request to send (RTSAN, active-Low). Can be deactivated auto- 
matically on receive or transmit. 


Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be deactivated auto- 
matically on receive or transmit. 


Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A receiver 1X clock 
output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B transmitter 1X clock 
output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active-Low, RxRDYA/FFULLA output. 
Output 5: General purpose output or Channel B open-drain, active-Low, RxRDYB/FFULLB output. 
Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYA output. 

Output 7: General purpose output, or Channel B open-drain, active-Low, TxRDYB output. 

Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 

Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 


Input 2: General purpose input, or Channel B receiver external clock input (RxCB), or counter/timer external clock 
input. When the external clock is used by the receiver, the received data is sampled on the rising edge of the clock. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the external clock is 
used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the external clock is used 
by the receiver, the received data is sampled on the rising edge of the clock. 


Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the external clock is 
used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Power Supply: +5V supply input. 
Ground: 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING UNIT 


Storage temperature range -65 to +150 
All voltages with respect to ground? -0.5 to +6.0 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


Supply voltage 


High level input voltage 
High level input voltage 


Low level input voltage aa | 0.8 | 


Vi 
lo 


DC ELECTRICAL CHARACTERISTICS Ta = -55°C to +125°C?, Veg = 5.0V + 10%4:56 


SYMBOL PARAMETER TEST CONDITIONS 


VoL Output Low voltage lo, = 2.4mA 
Vou Output High voltage (except OD outputs) lou = -400L1A 


V;=0to Vcc 
Vo = 0.4 to Voc 


Input leakage current 
Data bus 3-State leakage current 


V, = 0, X2 GND 
V; =0, X2 floated 
Vi = Voc, X2 GND 
Vi = Voc, X2 floated 
V,; = 0, X1/CLK floated 
1= Voc, X1/CLK floated 


Open-drain output leakage current Vo = 0.4 to Vec 
Power supply current Voc = 5.5V, Ta = 25°C, +125°C 


X1/CLK Low input current 


X1/CLK High input current 


X2 Low input current 
X2 High input current 


Power supply current | Voc = 5.5V, Ta = -55°C 
a 
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AC CHARACTERISTICS T, = -55°C to +125°C, Voc = 5.0V + 10% 45:67 


SYMBOL PARAMETER LIMITS UNIT 
| Min | Typ® | Max _ 


Reset Timing (See Figure 1) 


Bus Timing (See Figures 2, 3 4) 


A1-A4 setup time to CSN Low 
A1-A4 hold time from CSN High 

RWN setup time to CSN High 

RWN holdup time to CSN High 

CSN High pulse width 

CSN or IACKN High from DTACKN Low 

Data valid from CSN or I|ACKN Low 

Data bus floating from CSN or IACKN High'® 

Data setup time to CLK High 

Data hold time from CSN High 

DTACKN Low from read data valid 

DTACKN Low (read cycle) from CLK High 

DTACKN Low (write cycle) from CLK High 

DTACKN High from CSN or IACKN High 

DTACKN High imepdance from CSN or IACKN High 
CSN or IACKN setup time to clock High 


Port input setup time to CSN Low 
Port input hold time from CSN High 
Port output valid from CSN High 


Interrupt Reset Timing (See Figure 6) 


INTRN or OP3-OP7 when used as interrupts negated from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 
Reset command (delta break interrupt) 
Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 


Clock Timing (See Figure 7) 


X1/CLK High or Low time 
X1/CLK frequency 
CTCLK High or Low time 
CTCLK frequency 
RxC High or Low time 
RxC frequency (16X) 
(1X) 
TxC High or Low time 
TxC frequency (16X) 
(1X) 


Transmitter Timing (See Figure 8) 


trxp TxD output delay from TxC Low 350 
ttcs Output delay from TxC Low to TxD data output 150 


Receiver Timing (See Figure 9) 


taxs RxD data setup time to RxC High 240 
taxH RxD data hold time from RxC High 200 
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TES: 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
Parameters are valid over specified temperature range. 

All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 
ition time of < 20ns. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 
2.0V as appropriate. 


Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


Test conditions for outputs: C, = 150pF, except interrupt outputs. Test condition for interrupt outputs: C_ = 50pF, Ry = 2.7kQ to Voc. 

This specification imposes a lower bound on CSN and IACKN Low, guaranteeing that it will be Low for at least 1 CLK period. This require- 
ment is made on CSN only to insure assertion of DTACKN and not to guarantee operation of the part. 

This specification is made only to insure that DTACKN is asserted with respect to the rising edge of the X1/CLK pin as shown in the timing 
diagram, not to guarantee operation of the part. If the setup time is violated, DTACKN may be asserted as shown, or may be asserted one 
clock cycle later. 

This parameter is guaranteed but not tested. 
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Each receiveris quadruply buffered to minimize 
the potential of receiver overrun or to reduce in- 
terrupt overhead in interrupt driven systems. In 
addition, a flow control capability is provided to 
disable a remote DUART transmitter when the 
buffer of the receiving device is full. 


Also provided on the 68681 are a multipurpose 
6-bit input port and a multipurpose 8-bit output 
port. These can be used as general purpose 
I/O ports or can be assigned specific functions 
(such as clock inputs or status/interrupt out- 
puts) under program control. 


BLOCK DIAGRAM 

The 68681 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the Block Diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. Itcontains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. The DTACKN output is asserted 
during write and read cycles to indicate to the 
CPU that data has been latched on a write 
cycle, or that valid data is present on the bus on 
a read cycle. 


Interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR), the Auditary Control 
Register(ACR) and the Interrupt Vector Regis- 
ter (IVR). The IMR may be programmed to se- 
lect only certain conditions to cause INTRN to 
be asserted. The ISR can be read by the CPU 
to determine all currently active interrupting 
conditions. When IACKN is asserted, and the 
DUART has an interrupt pending, the DUART 
responds by placing the contents of the IVR 
regsiter on the data bus and asserting 
DTACKN. 


Outputs OP3-OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


Timing Circuits 
The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
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counter/timer, and four clock selectors. The 
crystal oscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
If an external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. If an external is used 
instead of a crystal, X1 should be driven using 
a configuration similar to the one in Figure 7. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4k 
baud. The clock outputs from the BRG are at 
16X the actual baud rate. The counter/timer 
can be used as a timer to produce a 16X clock 
for any other baud rate by counting down the 
crystal clock or an external clock. The four 
clock selectors allow the independent selec- 
tion, for each receiver and transmitter, of any of 
these baud rates or external timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
it can be stopped and started under program 
control. In the timer mode, the C/T acts asa 
programmable divider. 


Communications 
Channels A and B 


Each communications channel of the 68681 
comprises a full-duplex asynchronous receiv- 
er/transmitter (DUART). The operating fre- 
quency foreach receiver and transmitter can be 
selected independently from the baud rate gen- 
erator, the counter timer, or from an external in- 
put. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baud rate generator taps. This results ina sam- 


pling period of slightly more than 25[ULs (assum- 
ing that the clock input is 3.6864MHz). The 
detection circuitry, in order to guarantee a true 
change in level has occurred, requires that two 
successive samples at the new logic level be 
observed. As a consequence, the minimum 
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duration of the signal change is 25,Ls if the tran- 
sition occurs coincident with the first sample 


pulse. The 50LLs time refers to the situation in 
which the change of state is just missed and the 


first change of state is not detected until 25s 
later. 


Input Port 

The inputs to this unlatched 6-bit port can be 
read by the CPU by performing a read opera- 
tion at address D16. A High input results in a 
logic 1 while a Low input results ina logic 0. D7 
will always read as a logic 1 and D6 will reflect 
the level of IACKN. The pins of this port can 
also serve as auxiliary inputs to certain portions 
fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP 1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs, lasting longer than 25 - 


50s, will set the corresponding bit in the input 
port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


Output Port 

The 8-bit multipurpose output port can be used 
as a general purpose output port, in which case 
the outputs are the complements of the Output 
Port Register (OPR). OPR{[n] = 1 results in 
OP[n] = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bit is set by 
performing a write operation at address H’E’ 
with the accompanying data specifying the bits 
to be reset (1 = set, O = no change). Likewise, 
a bit is reset by a write at address H’F’ with the 
accompanying data specifying the bits to be re- 
set (1 = reset, 0 = no change). 


Outputs can be also individually assigned spe- 
cific functions by appropriate programming of 
the Channel A mode registers (MR1A, MR2A), 
the Channel B mode registers (MR1B, MR2B), 
and the Output Port Configuration Register 
(OPCR). 


OPERATION 


Transmitter 

The 68681 is conditioned to transmit data when 
the transmitter is enabled through the com- 
mand register. The 68681 indicates to the CPU 
that it is ready to accept a character by setting 
the TxRDY bitin the status register. This condi- 
tion can be programmed to generate an inter- 
ruptrequest at OP6 or OP7 and INTRN. When 
a character is loaded into the Transmit Holding 
Register (THR), the above conditions are ne- 
gated. Data is transferred from the holding re- 
gister to transmit shift register when it is idle or 
has completed transmission of the previous 
character. The TxRDY conditions are then as- 
serted again which means one full character 
time of buffering is provided. Characters can- 
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not be loaded into the THR while the transmitter 
is disabled. 


The transmitter converts the parallel data from 
the CPU toa serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first 
Following the transmission of the stop bits, if a 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be set to 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. If the transmitter is disabled, it continues 
operating until the character currently being 
transmitted is completely sent out. The trans- 
mitter can be forced to send a continuous Low 
condition by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The 68681 is conditioned to receive data when 
enabledthrough the commandregister. The re- 
ceiver looks for a High-to-Low (mark-to-space) 
transition of the start bit on the RxD input pin. 
If a transition is detected, the state of the RxD 
pin is sampled each 16X clock for 7-1/2 clocks 
(16X clock mode) or at the next rising edge of 
the bit time clock (1X clock mode). If RxD is 
sampled High, the start bit is invalid and the 
search for a valid start bit begins again. If RxD 
is still Low, a valid start bit is assumed and the 
receivercontinues to sample the inputatone bit 
time intervals at the theoretical center of the bit, 
until the proper number of data bits and parity 
bit (if any) have been assembled, and one stop 
bit has been detected. The least significant bit 
is received first. The data is then transferred to 
the Receive Holding Register (RHR) and the 
RxRDY bit in the SRis set toa 1. This condition 
can be programmed to generate an interrupt at 
OP4 or OP5 andINTRN. Ifthe character length 
is less than 8 bits, the most significant unused 
bits in the RHR are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
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er, if anon-zero character was received without 
a stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bitwas 
sampled). 


The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
status bit is set. If a break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least 
one-half bit time before a search for the next 
start bit begins. 


The RHR consists of a First-In-First-Out (FIFO) 
stack with a capacity of three characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status registeris set whenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character in the 
FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHRis read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that characteris heldin the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4)) will 
be set-upon receipt of the start bit of the new 
(overrunning) character). 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
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start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to preventan overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canbe read. However, noadditional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MRI1A[4:3] or 
MR1B[4:3] to ‘11’ for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A[2)/MR1B[2]. 
MR1A[2]/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data while 
MR1A[2]/MR1B[2] = 1 transmits a one in the 
A/D bit position, which identifies the cqrre- 
sponding data bits as an address. The CPU 
should program the mode register prior to load- 
ing the corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether itis enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
receivedA/D bitis a zero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 
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PROGRAMMING 

The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zeroon RESET. Care should be ex- 
ercisedif the contents of aregister are changed 
during operation, since certain changes may 
cause operational problems. 


Table 1. 


For example, changing the number of bits per 
character while the transmitter is active may 
cause the transmission of an incorrect charac- 
ter. In general, the contents of the MR, the 
CSR, and the OPCR should only be changed 
while the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
pointer is set to MR1x by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the 


68681 Register Addressing 


mode register while the pointer is at MR1x, 
switches the pointer to MR2x. The pointer then 
remains at MR2x, so that subsequent accesses 
are always to MR2x unless the pointer is reset 
to MR1x as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H‘02’ and 
H‘OA' should never be read during normal op- 
eration since they are reserved for internal 
diagnostics. 


| AT | READ (R/WN = 1) WRITE (R/WN = 0) 


— eo oo So Vt OOO OOOOCO 
tet Oa. OO oa OO ua OO 
=—O}T_- O-+' O = O =] O = O =$ O = OD 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


MR1A — Channel A Mode 

Register 1 

MR1A is accessed when the Channel A MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MR1A, the pointer will point to MR2A. 


MR1A[7] —- Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output(OPO) by the receiver. This outputis nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[0]. MRI1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
start bit if the Channel A FIFO is full. However, 
OPR[0] is not reset and RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] —- Channel A Receiver 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. It also causes the selected bit to be out- 
put on OP4 if it is programmed as an interrupt 
output via the OPCR. 
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Mode Register A (MR1A, MR2A) 
Status Register A (SRA) 
*Reserved* 

Rx Holding Register A (RHRA) 
Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 
Mode Register B (MR1B, MR2B) 
Status Register B (SRB) 
*“Reserved" 

Rx Holding Register B (RHRB) 
Interrupt Vector Register (IVR) 
Input Port 

Start Counter Command 

Stop Counter Command 


MR1A[5] — Channel A 

Error Mode Select 

This bit select the operating mode of the three 
FIFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis; 
the status applies only to the character at the 
top of the FIFO. In the ‘block” mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 


MR1A[4:3| —- Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects ChannelA to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


327 


Mode Register A (MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 
Aux. Control Register (ACR) 
Interrupt Mask Register (IMR) 
C/T Upper Register (CRUR) 

C/T Lower Register (CTLR) 
Mode Register B (MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 
Interrupt Vector Register (IVR) 
Output Port Conf. Register (OPCR) 
Set Output Port Bits Command 
Reset Output Port Bits Command 


MR1A[1:0] —- Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 


Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] — Channel A Mode 

Select 

Each channel of the DUART can operate in one 

of four modes. MR2A[7:6] = 00 is the normal 

mode, with the transmitter and receiver operat- 

ing independently. MR2A[7:6] = 01 places the 

channelin the automatic echo mode, which au- 

tomatically retransmits the received data. The 

following conditions are true while in automatic 

echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


Nm 


The receive clock is used for the transmit- 
ter. 


3. The receiver must be enabled, but the 
transmitter need not be enabled. 
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. The Channel A TxRDY and TxEMT status 
bits are inactive. 


o 


The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bit is as received. 


- 


Character framing is checked, but the 
stop bits are retransmitted as received. 


™N 


A received break is echoed as received 
until the next valid start bit is detected. 


= 


CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 

MR2A[7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


wo 


The TxDA output is held High. 


- 


The RxDA input is ignored. 


o 


The transmitter must be enabled, but the 
receiver need not be enabled. 


6. CPU to transmitter and receiver communi- 
cations continue normally. 


The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


4. The received parity is not checked and is 
not regenerated for transmission, i.e., 
transmitted parity is as received. 


on 


The receiver must be enabled. 


dd 


Character framing is not checked, and the 
stop bits are retransmitted as received. 
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7. Areceived break is echoed as received 
until the next valid start bit is detected. 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the de-selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been re-transmitted. 


MR2A[5] —- Channel A Transmitter Re- 
quest-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[O] and ne- 
gated by resetting OPR[O]. MR2A[5] = 1 
caused OPR[O] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register and in the THR, if any, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
isnotenabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


2. Enable transmitter. 

3. Asset RTSAN: OPR[O] = 1. 
4. Send message. 

5 


. Verify the message is sent by waiting until 
the transmit ready status (TxRDY) is as- 
serted. Disable transmitter after the last 
character is loaded into the Channel A 
THR. 


6. The last character will be transmitted and 
OPR{O] will be reset one bit time after the 
last stop bit, causing RTSAN to be ne- 
gated. 


MR2A[4] — Channel A Clear-to-Send 
Control 

If this bitisO, CTSAN has no effecton the trans- 
mitter. If this bit is a 1, the transmitter checks 
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the state of CTSAN (IPO) each time it is ready 
to sendacharacter. If PO is asserted (Low), the 
character is transmitted. If itis negated (High), 
the TxDA output remains in the marking state 
and the transmission is delayed until CTSAN 
goes low. Changes in CTSAN while acharacter 
is being transmitted do not affect the transmis- 
sion of that character. 


MR2A[3:0] — Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, in incre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For acharacter 
lengths of 5 bits, 1-1/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. The receiv- 
er only checks for a ‘mark’ condition at the 
center of the first stop bit position (one bit time 
after the last data bit, or after the parity bit is en- 
abled), in all cases. 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 


MR1B — Channel B Mode 
Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MR1B, the pointer will point to MR2B. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


MR2B — Channel B Mode 


Register 2 

MR2B is accessed when the Channel B MR 
pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B do not 
change the pointer. 


The bit definitions for mode register are identi- 
cal to the bit definitions for MR2A, except that 
all control actions apply to the Channel B re- 
ceiver and transmitter and the corresponding 
inputs and outputs. 
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BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 


PARITY BITS PER 


RxRTS RxINT ERROR 
CONTROL SELECT MODE 


0 = RxRDY 0 = Char 
t=FPULL 1 = Block 01 = Force Parity 
10 = No Parity 


11 = Multidrop Mode 


BIT 7 BIT 6 BIT5 BIT 3 BIT 2 BIT 1 BIT 0 


TxRTS CTS . 


00 = Normal 4=0813 563 
01 = Auto-Echo 5 = 0,875 .625 
10 = Local loop 6 = 0.938 .688 
11 = Remote loop 7 = 1.000 .750 


fee) 
—_ 
w 


875 
.938 
.000 


oron 
nou i 
m™MmO0 
louwouw a 
ea a a 


NOTE: 
“Add 0.5 to values shown for 0 - 7 if channel is programmed for 5 bits/char. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 0 
MISCELLANEOUS COMMANDS DISABLE Tx | ENABLE Tx | DISABLERx | ENABLE Rx 


CRA See Text 0=No 0 =No 0=No 0=No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


RECEIVED FRAMING PARITY OVERRUN 


SRA 0 =No 0=No 0=No 0=No 0 =No 0=No 0 =No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


NOTE: 

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status” command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 


BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
ca I ee 2 a. i ae ee 


0 = OPRI7] 0 = OPRI[5] 00 = OPR{3] 11 = OPR[2] 


1=TxRDYB | 1=TxRDYA | 1 =RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16x) 
FFULLB 10 = TxCB(1x) 10 = TxCA(1x) 
11 = RxCB(1x) 11 = RxCA(1x) 
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Table 2. Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 0 
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP3 INT IP2 INT IP1 INT IPO INT 

ACR 0 =set 1 0 = Off 0 = Off 0 = Off 
BIT 7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


DELTA DELTA DELTA DELTA 
IP3 IP2 IP1 IPO 


0 = No 0 =No 0=No 0=No 0 = Low 0 = Low 0 = Low 0 = Low 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 1 = High 1 = High 


INPUT 
DELTA RxRDY/ COUNTER | DELTA RxRDY/ 
Chence | BREAKB | FFULLB | '*RDYB READY | BREAKA | FFULLA | /*RDYA 


0=No 0=No 0=No 0=No 0=No 0=No 0=No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 


1 = Yes 1 = Yes 1 = Yes 1 = Yes 


IN. PORT RxRDY/ COUNTER 
CHANGE FFULLB READY 
INT 


BIT 7 Br 4 BIT 2 BIT 0 
C/T[15] C/T[14] C/T[13] C/T[12] C/T[11] C/T[10] C/T[9] C/T[8] 
kL A GS 


CTLR 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


a A SO SC 
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CSRA — Channel A Clock Select 
Register 


CSRA[7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A transmitter. The field definition is 
shown in Table 3. 


CSRA[3:0] — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 
CSRA[3:0] ACR[7]=0 ACR[7] =1 
1110 IP3-16X IP3-16X 
1111 IP3-1X IP3-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSR[3:0] = 1111. 


Table 3. 


CSRAI7:4] 


Baud Rate 
Clock = 3.6864 MHz 


Baud Rate 
ACR[7] =0 | ACR[7] =1 


NOTE: The receiver clock is always a 16X 
clock except for CSRA[7:4] = 1111. 


CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 
CSRB[7:4] ACR[7]=0 ACR[7] =1 
1110 IP2-16X IP2-16X 
1111 IP2-1X |IP2-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[7:4] = 1111. 
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CSRB[3:0] — Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definitionis as 
shown in Table 3, except as follows: 


Baud Rate 

CSRB[3:0] ACR[7]=0 ACR[7]=1 

1110 IP5-16X IP5-16X 
1111 IP5-1X IP5-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register . 

CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


CRA[6:4] — Miscellaneous Commands 
The encoded value of this field may be used to 
specify a single command as follows: 


CRA[6:4] 

000 Nocommand. 

001 Reset MR pointer. Causes the Channel 

A MR pointer to point to MR1. 

Reset receiver. Resets the Channel A 

receiver as if a hardware reset had been 

applied. The receiver is disabled and 
the FIFO is flushed. 

011 Reset transmitter. Resets the Channel 

A transmitter as if a hardware reset had 

been applied. 

Reset error status. Clears the Channel 

A Received Break, Parity Error, and 

Overrun Error bits in the status register 

(SRA[7:4]). Used in character mode to 

clear OE status (although RB, PE and 

FE bits will also be cleared) and in block 

mode to clear all error status after a 

block of data has been received. 

101 Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 

110 Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

111. Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 


COMMAND 


010 


100 
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CRA[3] — Disable Channel A 

Transmitter 

This command terminates transmitter opera- 
tion and reset the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] - Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start-bit 
state. 

CRB — Channel B Command 
Register 

CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, except that all con- 
trol actions apply to the Channel B receiver and 
transmitter and the corresponding inputs and 
outputs., 


SRA — Channel A Status 

Register 

SRA[7] - Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received further en- 
tries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 
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SRA[6] - Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SRA[5] - Channel A Parity Error 

This bit is setwhen the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. 


In the special multidrop mode the parity error bit 
stores the receive A/D bit. 


SRA[4] —- Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis setupon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. 


This bit is cleared by a ‘reset error status’ com- 
mand. 


SRA[3] — Channel A Transmitter Empty 
(TxEMTA) 

This bit will be setwhen the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empty. Itis set after transmission of the last 
stop bit of a character if no character is in the 
THR awaiting transmission. Itis resetwhen the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] -— Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU and is set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
resetwhen the transmitter is disabled andis set 
when the transmitter is first enabled, viz., char- 
acters loaded into the THRwhile the transmitter 
is disabled will not be transmitted. 


SRA[1] — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 
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SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. 


SRB — Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel B receiver and trans- 
mitter and the corresponding inputs and 
outputs. 


OPCR - Output Port 
Configuration Register 


OPCR[7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR[7]. 


— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[6] — OP6 Output Select 

This bit programs the OP6 output to provide 
one of the following: 

— The complement of OPR{6]. 


— The Channel A transmitter interrupt output 
which is the complement of TXRDYA. 
When in this mode OP6 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OPS5 output to provide 
one of the following: 

— The complement of OPR{5]. 


— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OPS acts as an open-drain 
output. Note that this output is not masked 
by the contents of the IMR. 


OPCR[4] — OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR[4]. 


— The Channel A receiver interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an open-drain 
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output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[3:2] — OP3 Output Select 

This bit programs the OP3 output to provide 

one of the following: 

— The complement of OPR{3]. 

— The counter/timer output, in which case 
OP3 acts as an open-drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. In the counter 
mode, the output remains High until termi- 
nal count is reached, at which time it goes 
Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 


— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 


— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR[1:0] — OP2 Output Select 

This field programs the OP2 output to provide 
one of the following: 

— The complement of OPR[2]. 


— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRA[3:0], and will be a 1X clock if 
CSRAJ[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


ACR - Auxiliary Control 
Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates to 
be generated by the BRG: 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


The selected set of rates is available for use by 
the Channel A and Breceivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 
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Table 4. Bit Rate Generator 
Characteristics 
Crystal or Clock = 


3.6864MHz 


ACTUAL 
16x CLOCK 
(kHz) 


ERROR (%) 


NOTE: 
Duty cycle of 16x clock is 50% + 1%. 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 


Table 5. ACR 6:4 Field 


Definition 


| MODE CLOCK SOURCE 


Counter | External (IP2)* 
Counter | TxCA — 1x clock of 
Channel A transmitter 
TxCB — 1x clock of 
Channel B transmitter 
Crystal or external clock 
(x1/CLK) divided by 16 
External (IP2)* 

External (IP2) divided 
by 16* 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 


ACR 
[6:4] 


Counter 


Counter 


Timer 
Timer 


Timer 


Timer 


NOTE: 


* 


In these modes, the Channel B receiver 
clock should normally be generated from 
the baud rate generator. 


ACR{[3:0] —IP3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
set. Ifa bitis in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
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ation of an interrupt output if IMR[7] = 1. Ifa bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7] —IP3, IP2, IP1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective inputpins. They 
are cleared when the IPCR is read by the CPU. 
A read of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR[3:0] —1P3, 1P2, 1P1, IPO 

Current State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a‘1’ and the corre- 
sponding bit in the IMR is also a‘1’, the INTRN 
output will be asserted (Low). If the corre- 
sponding bit in the IMR is a zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 


00,5 when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bit is a ‘1’ when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] — Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt’ command. 


ISR[5] - Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
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itis set when a characteris transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
If acharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] — Channel B Transmitter Ready 
This bit is a duplicate of T<RDYB (SRB[2)). 


ISR[3] — Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bitis set once each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zero count). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


ISR[2] — Channel A Change in Break 

This bit, when set, indicates that the ChannelA 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR[1] — Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MR1A[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel A andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU read the RHR. 
lf after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen acharacteris transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[0] and IMR waiting charac- 
ter is loaded into the FIFO. 


ISR[0] — Channel A Transmitter Ready 
This bit is a duplicate of TxRDYA (SRA[2]). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a‘1’ and the corresponding bit 
in the IMRis also a‘1° the INTRN output will be 
asserted. If the corresponding bit in the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does not mask the programmable interrupt out- 
puts OP3-OP7 or the reading of the ISR. 
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CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is 0002;.5. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR and CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half periods will be. In 
this mode the C/T runs continuously. Receipt 
of a start counter command (read with A4-A1) 
= 1110) causes the counter to terminate the cur- 
rent timing cycle and to begin anew cycle using 
the values in CTUR and CTLR. The counter 
ready status bit (ISR[3]) is set once each cycle 
of the square wave. The bit is reset by a stop 
counter command (read with A4-A1 = 1111). 


The command, however, does not stop the C/T. 
The generated square wave is output on OP3 
if it is programmed to be the C/T output. 


On power-up and after reset, the counter/timer 
runs in timer mode and can only be restarted. 
Because it cannot be shut off or stopped, and 
runs continuously in timer mode, it is recom- 
mended that at initialization, the output port, 
OP3, should be masked off through the 
OPCR[3:2} = 00 until the C/T is programmed to 
the desired operational state. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a start counter command. Upon reaching ter- 
minal count 0000;6, the counter ready interrupt 
bit (ISR[3]) is set. The counter continues count- 
ing past the terminal count until stopped by the 
CPU. If OP3 is programmed to be the output 
of the C/T, the output remains High until termi- 
nal count is reached, at which time it goes Low. 
The output returns to the High state and ISR[3] 
iscleared when the counter is stopped by astop 


RESETN 


X1/CLK 


DTACKN 
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Figure 1. Reset Timing 


Figure 2. Bus Timing (Read Cycle) 
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counter command. The CPU may change the 
values of CTUR and CTLR atany time, but the 
new count becomes effective only on the next 
start counter commands. If new values have 
not been loaded, the previous count values are 
preserved and used for the next count cycle 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note that a sub- 
sequent start counter command will cause the 
counter to begin anewcountcycle using the va- 
lues in CTUR and CTLR. 


IVR — Interrupt Vector Register 
This register contains the interrupt vector. The 
register is initialized to H'OF’ by RESET. The 
contents of the register are placed on the data 
bus when the DUART responds to a valid inter- 
rupt acknowledge cycle. 


WFO00860S 
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Figure 3. Bus Timing (Write Cycle) 


XT/CLK 


DTACKN 


WF00870S 


Figure 4. Interrupt Cycle Timing 
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IPO-IP5 


OPO-OP7 OLD DATA NEW DATA 


WF00890S 


Figure 5. Port Timing 


CSN 
(READ OR 
WRITE) 


INTERRUPT! 
OUTPUT 


WFO00900S 


NOTES: 

1. INTRN or OP3 -OP7 when used as interrupt outputs. 

2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching signal, Vy, to 
This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment are 


a point 0.5 volts above Vo. 
pronounced and can greatly affect the resultant measurement. 


Figure 6. Interrupt Timing 


R1: 100K - 1Meg (See design note) 
C1 = C2: 0-5pF + (STRAY < 5pF) 


DRIVING FROM 
EXTERNAL SOURCE 


+5V 


47002 


3.6864 MHz 
CRYSTAL SERIES RESISTANCE3 SHOULD 
BE LESS THAN 18042 


Figure 7. Clock Timing 
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1 BIT TIME 
(1 OR 16 CLOCKS) 
TxC 
(INPUT) 


TxC 
(1X OUTPUT) 
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Figure 8. Transmit Timing 


RxC 
(1X INPUT) 
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Figure 9. Receive Timing 
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TRANSMITTER 
ENABLED 


TxRDY £: 
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06 


TRANSMITTED 


= OPR(0)=1 
OPR(0) = 1 WF00941S 


NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 10. Transmitter Timing 
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NOTES: 


1. Timing shown for MR1(7) = 1 
2. Shown for OPCR(4) and MR1(6) = 0 


Figure 11. Receiver Timing 
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Figure 12. Wake-Up Mode 
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DESCRIPTION 

The Signetics 68692 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is asingle-chip CMOS-LSI com- 
munications device that provides two 
full-duplex asynchronous receiver/trans- 
mitter channels in a single package. It is 
compatible with other 68000 family de- 
vices and can also interface easily with 
other microprocessors. The DUART can 
be used in a polled or interrupt driven sys- 
tems. 


The operating mode and data format of 
each channel can be programmed inde- 
pendently. Additionally, each receiver and 
transmitter can select its operating speed 
as one of eighteen fixed baud rates, a 16X 
clock derived from a programmable coun- 
ter/timer, or an external 1X or 16X clock. 
The baud rate generator and counter/tim- 
er can operate directly from a crystal or 
from external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications such 
as clustered terminal systems. 


Each receiver is quadruple buffered to 
minimize the potential of receiver over-run 
orto reduce interrupt overhead in interrupt 
driven systems. In addition, a flow control 
capability is provided to disable a remote 
DUART transmitter when the receiver 
buffer is full. 


Also provided on the 68692 are a multipur- 
pose 6-bit input port and a multipurpose 
8-bit output port. These can be used as 
general purpose I/O ports or can be as- 
signed specific functions (such as clock 
inputs or status/interrupt outputs) under 
program control. 


Order codes for this device are listed inthe 
Ordering Information table. 
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68692 


Dual Asynchronous 
Receiver/Transmitter (DUART) 


Objective Specification 


FEATURES 
® 68000 bus compatible 


@ Dual full-duplex asynchronous re- 
ceiver/transmitters 


© Quadruple buffered receiver data 
register 
¢@ Programmable data format: 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force 
parity 
— 1, 1.5 or 2 stop bits program- 
mable in 1/16-bit increments 


@ Programmable baud rate for each 
receiver and transmitter selectable 
from: 

— 18 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived 
from programmable counter/timer 


— External 1X or 16X clock 


@ Parity, framing, and overrun error 
detection 


@ False start bit detection 
@ Line break detection and genera- 
tion 
® Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote loopback 


® Multifunction 6-bit input port 
— Can serve as clock or control in- 
puts 
— Change of state detection on four 
inputs 
® Multifunction 8-bit output port 
— Individual bit set/reset capability 


— Outputs can be programmed to 
be status/interrupt signals 


@ Versatile interrupt system 


— Single interrupt output with eight 
maskable interrupting conditions 


— Interrupt vector output on inter- 
rupt acknowledge 
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PIN CONFIGURATION 


— Output port can be configured to 
provide a total of up to six sepa- 
rate wire-ORable interrupt out- 
puts 


@ Maximum data transfer rates: 
1X — 1MB/sec, 16X -- 125kB/sec 


e Automatic wake-up mode for multi- 
drop applications 


e Start-end break interrupt/status 


© Detects break which originates in 
the middle of a character 


@ On-chip crystal oscillator 
@ Power down mode 

© Receiver timeout mode 

@ TTL compatible 

® Single +5V power supply 
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ORDERING INFORMATION 


BLOCK DIAGRAM 
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PIN DESCRIPTION 


}SYMBOL | PINNO. | TYPE NAME AND FUNCTION 


DO—D7 25,16,24,17 Data Bus: Bidirectional 3—State data bus used to transfer commands, data and status between the 
23,18,22,19 DUART and the CPU. DO is the least significant bit. 


Chip Enable: Active—Low input signal. When Low, data transfers between the CPU and the DUART are 
enabled on DO—D7 as controlled by the R/WN and A1-A4 inputs. When CEN is High, the DUART places 
the DO—D7 lines in the 3-State condition. 


Read/Write: A High input indicates a read cycle and a low input indicates a write cycle, when a cycle is 
initiated by assertion of the CSN input. 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


Reset: A Low level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), initializes the IVR to 
hex OF, puts OPO-OP7 in the High state, stops the counter/timer, and puts Channels A and B in the inac- 
tive state, with the TxDA and TxDB outputs in the mark (High) state. 


Data Transfer Acknowledge: 3-State active—Low output asserted in write, read, or interrupt cycles to 
indicate proper transfer of data between the CPU and the DUART. 


Interrupt Request: Active—Low, open—drain output which signals the CPU that one or more of the eight 
maskable interrupting conditions are true. 


Interrupt Acknowledge: Active—Low input indicating an interrupt acknowledge cycle. In response, the 
DUART will place the interrupt vector on the data bus and will assert DTACKN if it has an interrupt pend- 
ing. 

Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be supplied at all 
times. When a crystal is used, a capacitor must be connected from this pin to ground (see Figure 7). 


Crystal 2: Connection for other side of the crystal. When acrystal is used, a capacitor must be con- 
nected from this pin to ground (see Figure 7). If X1/CLK is driven from an external source, this pin can be 
left open. 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, “space” 
is Low. 


Channel B Receive Serial Data Input: The least significant bit is received first. “Mark” is High, “space” 
is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This output is 
held in the “mark” condition when the transmitter is disabled, idle or when operating in local loopback 
mode. “Mark” is High, “space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is ttansmitted first. This output is 
held in the ‘mark’ condition when the transmitter is disabled, idle, or when operating in local loopback 
mode. ‘Mark’ is High, ‘space’ is Low. 

Output 0: General purpose output or Channel A request to send (RTSAN, active—Low). Can be deacti- 
vated automatically on receive or transmit. 


Output 1: General purpose output or Channel B request to send (RTSBN, active—Low). Can be deacti- 
vated automatically on receive or transmit. 


Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A receiv- 
er 1X clock output. 


Output 3: General purpose output or open—drain, active—Low counter/timer output or Channel B transmit- 
ter 1X clock output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active—Low, RxRDYAN/FFULLAN output. 
Output 5: General purpose output or Channel B open—drain, active—Low, RxRDYBN/FFULLBN output. 
Output 6: General purpose output or Channel A open—drain, active—Low, TxRDYAN output. 

Output 7: General purpose output or Channel B open-drain, active—Low, TxRDYBN output. 

Input 0: General purpose input or Channel A clear to send active—Low input (CTSAN). 

Input 1: General purpose input or Channel B clear to send active—Low input (CTSBN). 


Input 2: General purpose input or Channel B receiver external clock input (RxCB), or counter/timer ex- 
ternal clock input. When external clock is used by the receiver, the received data is sampled on the rising 
edge of the clock. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the external 
clock is used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the external 
clock is used by the receiver, the received data is sampled on the rising edge of the clock. 


Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the external 
clock is used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Power Supply: +5V supply input. 
Ground 


CSN 


R/WN 


Ai-A4 
RESETN 


DTACKN 


INTRN 


IACKN 


X1/CLK 


X2 
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ABSOLUTE MAXIMUM RATINGS! 


[P| Powordssaten SSS 


Input Low voltage 
Input High voltage (except X1/CLK) 2.0 
Input High voltage (X1/CLK) 0.8 Vcc 


Output Low voltage lo, = 2.4mA 
Output High voltage (except OD outputs)® 


X1/CLK input current — power down 
X1/CLK input Low current — operating 
X1/CLK input High current — operating 


X2 output High current — operating 
X2 output High short circuit current — operating Vout = 0, X1 =0 


X2 output Low current — operating Vout = 0, X1=Vec 
X2 output Low short circuit current — operating and Vout = Vcc, X1 = Veco 
power down 


Input leakage current: 
All except input port pins 
Input port pins 


Open-drain output Low current in Off—State 
Open-drain output High current in Off-State 


Power supply current? 
Operating mode TTL input levels 
CMOS input levels 
Power down mode TTL input levels 
CMOS input levels 
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AC CHARACTERISTICS? * © 


SYMBOL — PARAMETER 


Reset Timing 


Bus Timing® 


A1—Aé4 setup time to CSN Low 
A1—A4 hold time from CSN Low 

RWN setup time to CSN High 

RWN holdup time to CSN High 

CSN High pulse width 

CSN or IACKN High from DTACKN Low 

Data valid from CSN or IACKN Low 

RDN Low to data bus active" 

Data bus floating from CSN or IACKN High"! 

RDN High to data bus invalid" 

Data setup time to CLK High 

Data hold time from CSN High 

DTACKN Low from read data valid 

DTACKN Low (read cycle) from CLK High 

DTACKN Low (write cycle) form CLK High 

DTACKN High from CSN or IACKN High 

DTACKN High impedance from CSN or IACKN High 
CSN or IACKN setup time to clock High 


Port Timing® 


tps Port input setup time to CSN Low 
tpy Port input hold time from CSN High 
tpp Port output valid from CSN High 


Interrupt Timing 


INTRN (or OP3—OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 

Reset command (break interrupt) 

Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 


Clock Timing 


X1/CLK High or Low time 

X1/CLK frequency 3.6864 
CTCLK (IP2) High or Low time 

CTCLK (IP2) frequency? 

RxC High or Low time 


RxC frequency (16X)'2 
(1x)'@ 

TxC High or Low time 

TxC frequency (16X)!2 
(1X) '2 


NN NNNNNN 


Transmitter Timing 


ttxp 8 TxD output delay from TxC Low 
ttcs 8 Output delay from TxC Low to TxD data output 


Receiver Timing 


trxs RxD data setup time to RxC High 240 
trxH RxD data hold time from RxC High 200 
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NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
Parameters are valid over specified temperature range. 

All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 


Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


Test conditions for outputs: C, = 150pF, except interrupt outputs. Test condition for interrupt outputs: C_ = 50pF, Ry, = 2.7kQ to Voc. 

All outputs are disconnected. Inputs are switching between TTL levels of 2.4V and 0.4V or CMOS levels of Voc —-0.2V and Vss + 0.2V. 

This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus reads are not performed. 

Consecutive write operations to the same command register require at least three edges of the X1 clock between writes. 

This specification imposes a lower bound on CSN and IACKN Low, guaranteeing that it will be Low for at least 1 CLK period. This require- 

ment is made on CSN only to insure assertion of DTACKN and not to guarantee operation of the part. 

10. This specification is made only to insure that DTACKN is asserted with respect to the rising edge of the X1/CLK pin as shown in the timing 
diagram, not to guarantee operation of the part. If the setup time is violated, DTACKN may be asserted as shown, or may be asserted one 
clock cycle later. 

11. Guaranteed by characterization of sample units. 

12. Minimum frequencies are not tested but are guaranteed by design. 


N 


& QQ 


oS ONO oO 
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BLOCK DIAGRAM 

The 68692 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the Block Diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. The DTACKN output is asserted 
during write and read cycles to indicate to the 
CPU that data has been latched on a write 
cycle, or that valid data is present on the bus on 
a read cycle. 


Interrupt Control 

A single active—Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR), the Auxiliary Control 
Register (ACR), and the Interrupt Vector Regis- 
ter (IVR). The IMR may be programmed to se- 
lect only certain conditions to cause INTRN to 
be asserted. The ISR can be read by the CPU 
to determine all currently active interrupting 
conditions. When IACKN is asserted, and the 
DUART has an interrupt pending, the DUART 
responds by placing the contents of the IVR 
register on the data bus and asserting 
DTACKN. 


Outputs OP3—OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


Timing Circuits 

The timing block consists of acrystal oscillator, 
a baud rate generator, a programmable 16-dit 
counter/timer, and four clock selectors. The 
crystal oscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
If an external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. 
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If an external is used instead of a crystal, X1 
should be driven using a configuration similar 
to the one in Figure 7. 


If an external clock is used instead of a crystal, 
X1 should be driven using a configuration simi- 
lar to the one in Figure 5. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. A 3.6864MHz crystal or external clock 
must be used to get the standard baud rate. The 
clock outputs from the BRG are at 16X the ac- 
tual baud rate. The counter/timer can be used 
as a timer to produce a 16X clock for any other 
baud rate by counting down the crystal clock or 
an external clock. The four clock selectors al- 
low the independent selection, for each receiv- 
er and transmitter, of any of these baud rates or 
external timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
itcan be stopped and started under program 
control. In the timer mode, the C/T acts as a 
programmable divider. 


Communications 
Channels A and B 


Each communications channel of the 68692 
comprises a full-duplex asynchronous receiv- 
er/transmitter (UART). The operating frequen- 
cy for each receiver and transmitter can be 
selected independently from the baud rate gen- 
erator, the counter timer, or from an external in- 
put. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 


Input Port 

The inputs to this unlatched 6-dit port can be 
read by the CPU by performing a read opera- 
tion at address H'D’. A High input results in a 
logic 1 while a Low input results inalogic0. D7 
will always be read as a logic 1 and D6 will re- 
flect the level of IACKN. The pins of this port 
can also serve as auxiliary inputs to certain por- 
tions fo the DUART logic. 
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Four change—of-state detectors are provided 
which are associated with inputs IP3, IP2, IP 1 
and IPO. A High-to—Low or Low-to—High 
transition of these inputs, lasting longer than 25 
— 50Ls, will set the corresponding bit in the in- 
put port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baud rate generator taps. This results ina sam- 


pling period of slightly more than 25s (this as- 
sumes that the clock input is 3.6864MHz). The 
detection circuitry, in order to guarantee that a 
true change in level has occurred, requires two 
successive samples at the new logic level be 
observed. As a consequence, the minimum 


duration of the signal change is 251s if the 
transition occurs “coincident with the first sam- 


ple pulse”. The 50LLs time refers to the situation 
in which the change—of-state is “just missed” 
and the first change—of-state is not detected 


until 25,Ls later. 


Output Port 

The 8—bit multipurpose output port can be used 
as a general purpose output port, in which case 
the outputs are the complements of the Output 
Port Register (OPR). OPR(n) = 1 results in 
OP(n) = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bit is set by 
performing a write operation at address H’E’ 
with the accompanying data specifying the bits 
to be reset (1 = set, O = no change). Likewise, 
a bit is reset by a write at address H’F’ with the 
accompanying data specifying the bits to be re- 
set (1 = reset, 0 = no change). 


Outputs can be also be individually assigned 
specific functions by appropriate programming 
of the Channel A mode registers (MRI1A, 
MR 2A), the Channel B mode registers (MR1B, 
MR2B), and the Output Port Configuration 
Register (OPCR). 


OPERATION 


Transmitter 

The 68692 is conditioned to transmit data when 
the transmitter is enabled through the com- 
mand register. The 68692 indicates to the CPU 
that it is ready to accept a character by setting 
the TxRDY bitin the status register. This condi- 
tion can be programmed to generate an inter- 
rupt request at OP6 or OP7 and INTRN. When 
a character is loaded into the Transmit Holding 
Register (THR), the above conditions are ne- 
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gated. Data is transferred from the holding re- 
gister to transmit shift register when it is idle or 
has completed transmission of the previous 
character. The TxRDY conditions are then as- 
serted again which means one full character 
time of buffering is provided. Characters can- 
notbe loaded into the THR while the transmitter 
is disabled. 


The transmitter converts the parallel data from 
the CPU to a serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
Stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, if a 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be set to 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. If the transmitter is disabled, it continues 
operating until the character currently being 
transmitted is completely sent out. The trans- 
mitter can be forced to send a continuous Low 
condition by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The 68692 is conditioned to receive data when 
enabledthrough the commandregister. The re- 
ceiver looks for a High-to-Low (mark-—to— 
space) transition of the start bit on the RxD input 
pin. If a transition is detected, the state of the 
RxD pin is sampled each 16X clock for 7-1/2 
clocks (16X clock mode) or at the next rising 
edge of the bit time clock (1X clock mode). If 
RxD is sampled High, the start bit is invalid and 
the search for a valid start bit begins again. If 
RxD is still Low, a valid start bit is assumed and 
the receiver continues to sample the input at 
one bit time intervals at the theoretical center of 
the bit, until the proper number of data bits and 
parity bit (if any) have been assembled, and 
one stop bit has been detected. The least sig- 
nificant bit is received first. The data is then 
transferred to the Receive Holding Register 
(RHR) and the RxRDY bit in the SRis settoa 1. 
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This condition can be programmed to generate 
an interrupt at OP4 or OPS and INTRN. If the 
character length is less than 8 bits, the most sig- 
nificant unused bits in the RHR are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, ifanon—zero character was received without 
a Stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bit 
was sampled). 


The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
Status bit is set. If a break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least one— 
half bit time before a search for the next start bit 
begins. 


The RHR consists of a First-In—First-Out 
(FIFO) stack with a capacity of three charac- 
ters. Datais loaded from the receive shift regis- 
ter into the topmost empty position of the FIFO. 
The RxRDY bitin the status register is set whe- 
never one or more characters are available to 
be read, anda FFULL status bitis setif all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character in the 
FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a character— 
by—character basis; the status applies only to 
the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical—OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHRis read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that characteris heldin the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
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lost and the overrun error status bit (SR[4] will 
be set—upon receipt of the start bit of the new 
(overrunning) character). 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re—asserted automatically. 
This feature can be used to preventan overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canberead. However, noadditional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


Timeout Mode 

The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
register to the RHR, the counter is restarted. 
If a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmed time limit. Otherwise, if the re- 
ceiver has been programmed to interrupt the 
CPU when the receive FIFO is full, and the 
message ends before the FIFO is full, the CPU 
may not know there is data left in the FIFO. The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as it has stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a ‘Cx’ to CRA or 
CRB will disable the timeout mode. The time- 
out mode should only be used by one channel 
at once, since it uses the C/T. CTU and CTL 
must be loaded with a value greater than the 
normal receive character period. The timeout 
mode disables the regular START/STOP 
Counter commands and puts the C/T into 
counter mode under the control of the received 
data stream. Each time areceived character is 
transferred from the shift register to the RHR, 
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the C/T is stopped after 1 C/T clock, reloaded 
with the value in CTU and CTL and then re- 
started on the next C/T clock. If the C/T is al- 
lowed to end the count before a new character 
has been received, the counter ready bit, 
ISR[3], will be set. If IMR[3] is set, this will gen- 
erate an interrupt. Since receiving a character 
after the C/T has timed outwill clear the counter 
ready bit, ISR[3], and the interrupt. Invoking the 
‘Set Timeout Mode On’ command, CRx = ‘Ax’, 
will also clear the counter ready bit and stop the 
counter until the next character is received. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MRI1A[4:3] or 
MR1B[4:3] to'11’ for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 


Table 1. | Register Addressing 


transmitted A/D bit is selected by the CPU by 
programming bit MR1A[2/MR1B[2]. 
MR1A[2)/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data while 
MR1A[2/MR1B[2] = 1 transmits a one in the 
A/D bit position, which identifies the corre- 
sponding data bits as an address. The CPU 
should program the mode register prior to load- 
ing the corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether it is enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
received A/D bit is a zero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 


PROGRAMMING 

The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


| AO READ (RDN = 0) WRITE (WRN = 0) 


The contents of certain control registers are ini- 
tialized to zero on RESET. Care should be ex- 
ercised if the contents of a register are changed 
during operation, since certain changes may 
cause operational problems. For example, 
changing the number of bits per character while 
the transmitter is active may cause the trans- 
mission of an incorrect character. In general, 
the contents of the MR, the CSR, and the 
OPCR should only be changed while the re- 
ceiver(s) and transmitter(s) are not enabled, 
and certain changes to the ACR should only be 
made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
pointer is set to MR1x by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the 
mode register while the pointer is at MR1x, 
switches the pointer to MR2x. The pointer then 
remains at MR2x, so that subsequent accesses 
are always to MRex unless the pointer is reset 
to MR1x as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H'‘02’ and 
H‘0A’ should never be read during normal oper- 
ation since they are reserved for internal diag- 
nostics. 


0 0 0 0 Mode Register A (MR1A, MR2A) Mode Register A (MR1A, MR2A) 
0 0 0 1 Status Register A (SRA) Clock Select Register A (CSRA) 
0 0 1 0 Reserved Command Register A (CRA) 

0 0 1 1 Rx Holding Register A (RHRA) Tx. Holding Register A (THRA) 

0 1 0 0 Input Port Change Register (IPCR) Aux. Control Register (ACR) 

0 1 0 1 Interrupt Status Register (ISR) Interrupt Mask Register (IMR) 

0 1 1 0 Counter/Timer Upper (CTU) C/T Upper Register (CRUR) 

0 1 1 1 Counter/Timer Lower (CTL) C/T Lower Register (CTLR) 

1 0 0 0 Mode Register B (MR1B, MR2B) Mode Register B (MR1B, MR2B) 
1 0 0 1 Status Register B (SRB) Clock Select Register B (CSRB) 
1 0 1 0 Reserved Command Register B (CRB) 

1 0 1 1 Rx Holding Register B (RHRB) Tx Holding Register B (THRB) 

1 1 0 0 Reserved Interrupt Vector Register (IVR) 

1 1 0 1 Input Port Output Port Conf. Register (OPCR) 
1 1 1 0 Start Counter Command Set Output Port Bits Command 

1 1 1 1 


Stop Counter Command Reset Output Port Bits Command 
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MR1A — Channel A Mode 


Register 1 

MR1A is accessed when the Channel A MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MR1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to—Send Control 

This bit controls the deactivation of the RTSAN 
output(OPO) by the receiver. This outputis nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[O]. MRI1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
start bit if the Channel A FIFO is full. However, 
OPR[0]is not reset and RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. It also causes the selected bit to be out- 
put on OP4 if it is programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit select the operating mode of the three 
FiFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by—character basis; 
the status applies only to the character at the 
top of the FIFO. Inthe ‘block” mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical—OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 


MR1A[4:3| — Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 
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MR1A[1:0] — Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does notinclude the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 


Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] — Channel A Mode 

Select 

Each channel of the DUART can operate in one 

of four modes. MR2A[7:6] = 00 is the normal 

mode, with the transmitter and receiver operat- 

ing independently. MR2A[7:6] = 01 places the 

channelin the automatic echo mode, which au- 

tomatically retransmits the received data. The 

following conditions are true while in automatic 

echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. The receiver must be enabled, but the 
transmitter need not be enabled. 


4. The Channel A TxRDY and TxEMT status 
bits are inactive. 


5. The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bit is as received. 


6. Character framing is checked, but the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


8. CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 

MR2A|7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


3. The TxDA output is held High. 
4. The RxDA input is ignored. 


5. The transmitter must be enabled, but the 
receiver need not be enabled. 


6. CPU to transmitter and receiver communi- 
cations continue normally. 
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The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


4. The received parity is not checked and is 
not regenerated for transmission, i.e., 
transmitted parity is as received. 


5. The receiver must be enabled. 


6. Character framing is not checked, and the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the de—selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been retransmitted. 


MR2A[5] — Channel A Transmitter Re- 
quest—to—Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[0] and ne- 
gated by resetting OPR[O0]. MR2A[5] = 1 
caused OPR(0] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register and in the THR, if any, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
is notenabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto—reset mode: MR2A[5] = 1. 


2. Enable transmitter. 

3. Asset RTSAN: OPR[O] = 1. 
4. Send message. 

5 


. Disable transmitter after the last character 
is loaded into the Channel A THR. 


6. The last character will be transmitted and 
OPR(0] will be reset one bit time after the 
last stop bit, causing RTSAN to be 
negated. 
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Table 2. Register Bit Formats 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


RxRTS RxINT ERROR PARITY BITS PER 
CONTROL SELECT MODE PARITY MODE CHARACTER 


0 = RxRDY 00 = With Parity 00 =5 
1=FFULL 01 = Force Parity 

10 = No Parity 

11 = Multidrop Mode 


BIT 7 BIT 6 BIT 5 BIT 3 BIT 2 BIT 1 BIT 0 


TxRTS CTS ™ 
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH 


00 = Normal = 

01 = Auto—Echo 

10 = Local loop : 6 = 0.938 
11 = Remote loop ; 7 = 1.000 


NOTE: 
*Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
MISCELLANEOUS COMMANDS DISABLE Tx | ENABLE Tx | DISABLERx | ENABLE Rx 


CRA See Text 0 =No 0=No 0=No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


RECEIVED FRAMING PARITY OVERRUN 


SRA 0=No 0 =No 0=No 0=No 0=No 0 =No 0=No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


NOTE: 

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status” command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
i Obes: OP |. Pe es 


0 = OPR{7] 0 = OPR{[6} 0 = OPR{[5] 00 = OPR{3] 11 = OPR[2] 
1 = TxRDYB | 1=TxRDYA | 1 =RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16x) 
FFULLB 10 = TxCB(1x) 10 = TxCA(1x) 
11 = RxCB(1x) 11 = RxCA(1x) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP3 INT IP2 INT IP1 INT IPO INT 
0 =set 1 0 = Off 0 = Off 
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Table 2. Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


DELTA DELTA DELTA DELTA 
IP3 IP2 IP1 IPO 


0=No 0=No 0=No 0=No 0 = Low 0 = Low 0 = Low 0 = Low 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 1 = High 1 = High 


BIT 7 BIT6 BIT 5 BIT 4 BIT3 BIT 2 BIT O 


INPORT DELTA RxRDY/ COUNTER | DELTA RxRDY/ 
CHANGE | BREAKB | FFULLB | *RDYB | “REapy | BREAKA | FFULLA | ‘*RDYA 


0=No 0=No 0=No 0=No 0=No 0=No 0=No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


INPORT RxRDY/ TxRDYB | COUNTER RxRDY/ 
CHANGE FFULLB INT READY FFULLA 
INT INT INT INT 


eS A 


CTUR 


IVR 


MR2A[4] - Channel A Clear—to—Send 
Control 

If this bitis 0, CTSAN has no effect on the trans- 
mitter. If this bit is a 1, the transmitter checks 
the state of CTSAN (IPO) each time it is ready 
to send a character. If IPO is asserted (Low), 
the character is transmitted. If it is negated 
(High), the TxDA output remains in the marking 
state and the transmission is delayed until 
CTSAN goes low. Changes in CTSAN while a 
character is being transmitted do not affect the 
transmission of that character.. 


MR2A[3:0] - Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, in in- 
crements of 1/16 bit, can be programmed for 
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character lengths of 6, 7, and8 bits. For achar- 
acter lengths of 5 bits, 1-1/16 to 2 stop bits can 
be programmed in increments of 1/16 bit. In all 
cases, the receiver only checks for a ‘mark’ 
condition at the center of the first stop bit posi- 
tion (one bit time after the last data bit, or after 
the parity bit is enabled). 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 


MR1B — Channel B Mode 
Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
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applied via CRB. After reading or writing 
MR 1B, the pointer will point to MR2B. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


MR2B — Channel B Mode 


Register 2 

MR2B is accessed when the Channel B MR 
pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B do not 
change the pointer. 


The bit definitions for mode register are identi- 
cal to the bit definitions for MR2A, except that 
all control actions apply to the Channel B re- 
ceiver and transmitter and the corresponding 
inputs and outputs. 
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CSRA — Channel A Clock Select 
Register 


CSRAI7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A transmitter. The field definition is 
shown in Table 3. 


CSRAJ[3:0] — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 

CSRA[3:0] ACR[7]=0 ACR[7] =1 

1110 IP3—16X IP3—16X 
1111 IP3—1X IP3—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSR[3:0] = 1111. 


Table 3. Baud Rate 


Baud Rate 
CSRA[7:4] | ACR[7] =0 | ACR[7] =1 


50 75 
110 110 
134.5 134.5 
200 150 
300 300 
600 600 

1,200 1,200 
1,050 2,000 
2,400 2,400 
4,800 4,800 
7,200 1,800 
9,600 9,600 
38.4k 19.2k 
Timer Timer 
IP4—16X IP4—16X 
IP4—1X IP4—1X 


NOTE: The receiver clock is always a 16X 
clock except for CSRA[7:4] = 1111. 


CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 

CSRB[7:4] ACR[7]=0 ACR[7] =1 

1110 IP6—16X IP6—16X 
1111 IP6—1X IP6—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[7:4] = 1111. 
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CSRB[3:0] — Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 

CSRB[3:4] ACR[7]=0 ACR[7]=1 

1110 IP5—16X IP5—16X 
1111 IP5—1X |IP5—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register 


CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non—conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


CRA[7:4] — Miscellaneous Commands 

The encoded value of this field may be used to 
specify a single command as follows: 

No command. 

Reset MR pointer. Causes the Channel 
A MR pointer to point to MR1. 

Reset receiver. Resets the Channel A 
receiver as if a hardware reset had been 
applied. The receiver is disabled and 
the FIFO is flushed. 

Reset transmitter. Resets the Channel 
A transmitter as if a hardware reset had 
been applied. 

Reset error status. Clears the Channel 
A Received Break, Parity Error, and 
Overrun Error bits in the status register 
(SRA[7:4]). Used in character mode to 
clear OE status (although RB, PE and 
FE bits will also be cleared) and in block 
mode to clear all error status after a 
block of data has been received. 

Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 
Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 


0011 


0100 


0101 


0110 


0111 
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remain High for one bit time before the 
next character, if any, is transmitted. 
Assert RTSN. Causes the RTSN output 
to be asserted (Low). 

Negate RTSN. Causes the RTSN out- 
put to be negated (High). 

Set Timeout Mode On. The receiver in 
this channel will restart the C/T as each 
receive character is transferred from the 
shift register to the RHR. The C/T is 
placed in the counter mode, the START/ 
STOP counter commands are disabled, 
the counter is stopped, and the Counter 
Ready Bit, ISR[3], is reset. 

Not used. 

Disable Timeout Mode. This command 
returns control of the C/T to the regular 
START/STOP counter commands. It 
does not stop the counter, or clear any 
pending interrupts. After disabling the 
timeout mode, a ‘Stop Counter’ com- 
mand should be issued 

Not used. 

Power Down Mode On. In this mode, 
the DUART oscillator is stopped and all 
functions requiring this clock are sus- 
pended. The execution of commands 
other than disable power down mode 
(1111) requires a X1/CLK. While in the 
power down mode, do not issue any 
commands to the CR except the disable 
power down mode command. Itis rec- 
ommended that the transmitter and re- 
ceiver be disabled prior to placing the 
DUART into power down mode. This 
commandis in CRA only. Design Note: 
The part will not output DTACKN while 
in power down mode. Use automatic 
DTACKN generation. 

Disable Power Down Mode. This com- 
mand restarts the oscillator. After invok- 
ing this command, wait for the oscillator 
to start up before writing further com- 
mands to the CR. This command is in 
CRA only. 


CRA[3] — Disable Channel A 

Transmitter 

This command terminates transmitter opera- 
tion and reset the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


1000 
1001 


1010 


1011 
1100 


1101 
1110 


1111 


CRA[2] - Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 
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CRA[1] — Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start-bit 
State. 


CRB — Channel B Command 


Register 

CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, with the exception 
of comamnds “Ex” and “Fx” which are used for 
power downmode. These two commands are 
not used in CRB. All other control actions that 
apply to CRA also apply to CRB. 


SRA — Channel A Status 
Register 


SRA[7] - Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 


SRA[6] — Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SRA[5] — Channel A Parity Error 

This bit is set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
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incorrect parity. In the special multidrop mode, 
the parity error bit stores the received A/D bit. 


SRA[4] — Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis setupon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. This bit is cleared by a ‘reset 
error status’ command. 


SRA[3] — Channel A Transmitter Empty 
(TxEMTA) 

This bit will be set when the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empty. Itis set after ttansmission of the last 
stop bit of a character if no character is in the 
THR awaiting transmission. Itis resetwhen the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU andis set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
resetwhen the transmitter is disabled and is set 
when the transmitter is first enabled, e.g., char- 
acters loaded into the THR while the transmitter 
is disabled will not be transmitted. 


SRA[1] — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
Ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 


SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. 


SRB — Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel B receiver and trans- 
mitter and the corresponding inputs and 
outputs. 
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OPCR -— Output Port 
Configuration Register 


OPCR[7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR[7]. 


— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an open— 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[6] — OP6 Output Select 

This bit programs the OP6 output to provide 
one of the following: 

— The complement of OPR{6]. 


— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an open— 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OPS output to provide 
one of the following: 

— The complement of OPR{5]. 


— The Channel B transrnitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OPS acts as an open—drain 
output. Note that this output is not masked 
by the contents of the IMR. 


OPCR[4] — OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR[4]. 


— The Channel A receiver interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an open—drain 
output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[3:2] — OP3 Output Select 

This bit programs the OP3 output to provide 
one of the following: 

— The complement of OPR{3]. 


— The counter/timer output, in which case 
OP3 acts as an open—drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. In the counter 
mode, the output remains High until termi- 
nal count is reached, at which time it goes 
Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 

— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
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ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR[1:0] — OP2 Output Select 

This field programs the OP2 output to provide 

one of the following: 

— The complement of OPR[2]. 

— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRA[3:0], and will be a 1X clock if 
CSRA[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


ACR - Auxiliary Control 
Register 
ACR[7] - Baud Rate Generator Set Select 


This bit selects one of two sets of baud rates to 
be generated by the BRG. 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


The selected set of rates is available for use by 
the Channel A and Breceivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 


Table 4. Bit Rate Generator 
Characteristics 
Crystal or Clock = 
3.6864MHz 


ACTUAL 
16x CLOCK | ERROR (%) 
(kHz) 


NORMAL 
BAUD 
RATE 


0.059 


0 
0 
0 
0 
-0. 
0 
0 
0. 
0 
0 
0 
0 
0 
0 


NOTE: 
Duty cycle of 16x clock is 50% + 1%. 


April 1989 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 


Table 5. ACR [6:4] Field 


Definition 


eal] WOE | CLoGK SOURCE 


Counter | External (IP2) 

Counter | TxCA — 1x clock of 
Channel A transmitter 
TxCB — 1x clock of 
Channel B transmitter 
Crystal or external clock 
(x1/CLK) divided by 16 
External (IP2) 

External (IP2) divided 
by 16 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 


Counter 
Counter 


Timer 
Timer 


Timer 


Timer 


ACR{[3:0] —1P3, IP2, 1P1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
set. Ifa bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. Ifa bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] —1IP3, IP2, IP1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCR is read by the CPU. 
A read of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR[3:0] — IP3, IP2, IP1, IPO 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a ‘1’ and the corre- 
sponding bit in the IMR is also a‘1', the INTRN 
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output will be asserted (Low). If the corre- 
sponding bit in the IMR is a zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 


00, when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bitis a'1’ when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] — Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt’ command. 


ISR[5] - Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis set when acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
lf acharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] — Channel B Transmitter Ready 
This bit is a duplicate of TxRDYB (SRB[2)). 


ISR[3] — Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bitis set once each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zero count). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


Signetics Military Microprocessor Products 


Objective Specification 


Dual Asynchronous Receiver/Transmitter (DUART) 


68692 


ISR[2] - Channel A Change in Break 

This bit, when set, indicates that the Channel A 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’' command. 


ISR[1] — Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MR1A(6). If programmed as receiver ready, it 
indicates that a character has been received in 
ChannelA andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU read the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen a characteris transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full;i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[0] and IMR waiting charac- 
ter is loaded into the FIFO. 


ISR[0] —- Channel A Transmitter Ready 
This bit is a duplicate of TxRDYA (SRA[2}). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a ‘1’ and the corresponding bit 
in the IMR is also a ‘1’ the INTRN output will be 
asserted. If the corresponding bitin the IMRis 
a zero, the state of the bit in the ISR has no ef- 
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fect on the INTRN output. Note that the IMR 
does not mask the programmable interrupt out- 
puts OP3—OP7 or the reading of the ISR. 


CTUR and CTLR — Counter/Timer 
Registers 

The CTUR and CTLRhold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is H'0002’. Note that these registers 
are write—only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR and CTLR is 
changed, the current half—period will not be af- 
fected, but subsequent half periods will be. The 
C/T will not be running until it receives an initial 
‘Start Counter’ command (read at address 
A3—A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a start 
counter command (read with A3-AO = 1110) 
causes the counter to terminate the currenttim- 
ing cycle and to begin anew cycle using the va- 
lues in CTUR and CTLR. 


The counter ready status bit (ISR[3]) is setonce 
each cycle of the square wave. The bitis reset 
by a stop counter command (read with A3-A0 
=H'F’). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
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by the CPU. Counting begins upon receipt of 
a start counter command. Upon reaching ter- 
minal count H‘0000’, the counter ready inter- 
rupt bit (ISR[3]) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If OP3 is programmed to be the 
output of the C/T, the output remains High until 
terminal count is reached, at which time it goes 
Low. The output returns to the High state and 
ISR[3] is cleared when the counter is stopped 
by a stop counter command. The CPU may 
change the values of CTUR and CTLR at any 
time, but the new count becomes effective only 
on the next start counter commands. If new val- 
ues have not been loaded, the previous count 
values are preserved and used for the next 
count cycle 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note that a sub- 
sequent start counter command will cause the 
counter to begin anew countcycle using the va- 
lues in CTUR and CTLR. 


IVR — Interrupt Vector Register 
This register contains the interrupt vector. The 
register is initialized to HOF’ by RESET. The 
contents of the register are placed on the data 
bus when the DUART responds to a valid inter- 
rupt acknowledge cycle. 
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Figure 1. Reset Timing 
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DTACKN 


WF00860S 


Figure 2. Bus Timing (Read Cycle) 
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X1/CLK 


DTACKN 
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Figure 3. Bus Timing (Write Cycle) 


X1/CLK 
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Figure 4. Interrupt Cycle Timing 
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CSN — \ ft” 


OP0-OP7 OLD DATA NEW DATA 


WFO00890S 


Figure 5. Port Timing 


CSN 
(READ OR 
WRITE) 


INTERRUPT! 
OUTPUT 


NOTES: 

1. INTRN or OP3-OP7 when used as interrupt outputs. 

2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching signal, Viy, to 
a point 0.5 volts above Vo,. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment are 
pronounced and can greatly affect the resultant measurement. 


Figure 6. Interrupt Timing 
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X1/CLK 
CTCLK 
RxC 
TxC 


NOTE: * X2can be left open or 
grounded when X1 is driven. 


TYPICAL CRYSTAL SPECIFICATION 


Frequency 2-4 MHz 
Load Capacitance (C,) 12 - 32pF 
Type of Operation Parallel resonant, fundamental mode 


Figure 7. Clock Timing 
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Figure 8. Transmit Timing 
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Figure 9. Receive Timing 


TxD 


TRANSMITTER 
ENABLED 


TxRDY 
(SR2) 


-_ OPR(0) = 1 
OPR(0) = 1 WF00941S 


NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 10. Transmitter Timing 
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OVERRUN 
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herve 1 
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NOTES: 
1. Timing shown for MR1(7) = 1. 
2. Shown for OPCR(4) and MR1(6) = 0. 


Figure 11. Receiver Timing 
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MR1(2)=1 ADD#2 
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Figure 12. Wake-Up Mode 


Figure 13. Test Conditions on Outputs 
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DESCRIPTION PIN CONFIGURATION PIN CONFIGURATION 


The 68000 is the first implementation of 
the 68000 16/32 bit microprocessor archi- 
tecture. The 68000 has a 16-bit data bus 
and 24-bit address bus, while the full archi- 
tecture provides for 32-bit address and 
data buses. It is completely code-compat- 
ible with the 68008 8-bit data bus 
implementation of the 68000 and is down- 
ward code-compatible with the 68010 
virtual extension and the 68020 32-bit im- 
plementation of the architecture. Any 
user-mode programs written using the 
68000 instruction set will run unchanged 
on the 68008, 68010, and 68020. This is 
possible because the user programming 
model is identical for all four processors 
and the instruction sets are proper 


sub-sets of the complete architecture. iiiainieibdaiils 


The 68000 possesses an asynchronous 
bus structure with a 24-bit address bus 
and a 16-bit data bus. 


The resources available to the 68000 user 
consist of the following: 


e 17 32-bit data and address registers 
e 16MB direct adressing registers 

e 56 powerful instruction types 

e Operations on five main data types 
e Memory-mapped I/O 

e 14 addressing modes 


As shown inthe programming model (Fig- 
ure 1), the 68000 offers sixteen 32-bit 
registers and a 32-bit program counter. 
The first eight registers (DO - D7) are used 
as data registers for byte (8-bit), word 
(16-bit), and long-word (32-bit) opera- 
tions. The second set of seven registers 
(AO - A6) and the user stack pointer (USP) 
may be used as software stack pointers 
and base address registers. In addition, 
the registers may be used for word and 
long-word operations. All of the 16 
registers may be used as index registers. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
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ORDERING INFORMATION In supervisor mode, the upper byte of the sta- 


[_bescrprion——[ORDERGODE [| ___SPEED__| Melt and ho super sack oro 
These registers are shown in Figure 2. 


Sarin Cacaiae DIP 200mi-wide The status register, Figure 3, contains the in- 


terrupt mask (eight levels available) as well as 
the condition codes: extend (X), negative (N), 
zero (Z), overflow (V), and carry (C). Addition- 
al status bits indicate that the processor is ina 
trace (T) mode and in a supervisor (S) or user 
state. 


68-Pin Ceramic LLCC 


A7 SUPERVISOR 
(SSP) STACK POINTER 
EIGHT DATA 
REGISTERS STATUS REGISTER 


Figure 2. Supervisor Programming Model Supplement 
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ENE NEEENNEEEEE 
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er STATE INTERRUPT 


COUNTER MASK 


STATUS 
REGISTER 


Figure 1. User Programming Model Figure 3. Status Register 
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Table 1. Addressing Modes 


ADDRESSING MODES SYNTAX 


Register direct addressing 

Data register direct 
xxx.W 
xxx.L 


Address register direct 
dy6(PC) 


dg(PC,Xn) 


Absolute data addressing 
Absolute short 
Absolute long 


Program counter relative addressing 
Relative with offset 
Relative with index and offset 


Register indirect addressing 


Register indirect (An) 
Postincrement register indirect (An ) + 
Predecrement register indirect — (An) 
Register indirect with offset dj6(An) 
Indexed register indirect with offset dg(An,Xn) 


Immediate data addressing 
Immediate 


#XXX 
Quick immediate #1 - #8 
implied addressing 
Implied register SR/USP/SP/PC 


NOTES: 
Dn = Data register SP = Stack pointer 
An = Address register USP = User stack pointer 
Xn = Address or data register used as index () = Effective Address 
register dg = 8-bit offset (displacement) 
SR = Status register dig = 16-bit offset (displacement) 
PC = Program counter #xxx = Immediate data 
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Data Types and Addressing 
Modes 


Five basic data types are supported. These 
data types are: 

e Bits 

e BCD digits (4 bits) 

@ Bytes (8 bits) 

@ Words (16 bits) 

@ Long words (32 bits) 


In addition, operations on other data types 
such as memory addresses, status word data, 
etc., are provided in the instruction set. 


The 14 address modes, shown in Table 1, in- 
clude six basic types: 

© Register direct 

© Register indirect 

e Absolute 

¢ Program counter relative 

e Immediate 

e@ Implied 

Included in the register indirect addressing 
modes is the capability to do preincrementing, 
predecrementing, offsetting, and indexing. 


The program counter relative mode can also 
be modified via indexing and offsetting. 
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Table 2. Instruction Set Summary Instruction Set Overview 
- - Some additional instructions are variations, or 
Add decimal with extend subsets of these, and they appear in Table 3. 
Add Special emphasis has been given to the in- 
Logical AND struction set's support of structured high-level 
Arithmetic shift left languages to facilitate ease of programming. 
Arithmetic shift right Each instruction, with few exceptions, oper- 
Branch conditionally ates on bytes, words, and long words and 
Bit test and change most instructions can use any of the 14 ad- 
Bit test and clear dressing modes. Combining instruction types, 
data types, and addressing modes, over 1000 
useful instructions are provided. These in- 
Branch to subroutine structions include signed and unsigned, multi- 
ply and divide, “quick” arithmetic operations, 


Bit test : BCD arithmetic, and expanded operations 
Check register against bounds (through traps). 


Clear operand 

Compare 

Test condition, decrement and branch 
Signed divide 

Unsigned divide 

Exclusive OR 

Exchange registers 

Sign extend 


Branch always 
Bit test and set 


Load effective address 
Link stack 

Logical shift left 
Logical shift right 


Move source to destination 
Signed multiply 

Unsigned multiply 

Negate decimal with extend 
Negate 

No operation 

One's complement 


Logical OR 
Push effective address 


Reset external devices 
Rotate left without extend 
Rotate right without extend 
Rotate left with extend 
Rotate right with extend 
Return from exception 
Return and restore 

Return from subroutine 


Subtract decimal with extend 
Set conditional 

Stop 

Subtract 

Swap data register halves 


Test and set operand 
Trap 

Trap on overflow 
Test 


UNLK 
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Table 3. Variations of Instruction Types 


Add 

Add address 
Add quick 

Add immediate 
Add with extend 


Logical AND 

AND immediate 
ANDI to CCR AND immediate to condition codes 
ANDI to SR AND immediate to register status 


Compare 

Compare address 
Compare memory 
Compare immediate 


Exclusive-OR 

Exclusive-OR immediate 
EORI to CCR Exclusive-OR immediate to condition codes 
EORI to SR Exclusive-OR immediate to status register 


Move source to destination 
Move address 
Move multiple registers 
Move peripheral data 
Move quick 
MOVE from SR Move from status register 
MOVE to CCR Move to condition codes 
MOVE USP Move user stack pointer 


Logical OR 

OR immediate 
ORI to CCR OR immediate to condition codes 
ORI to SR OR immediate to status register 


Subtract 

Subtract address 
Subtract immediate 
Subtract quick 
Subtract with extend 
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DATA ORGANIZATION AND 
ADDRESSING CAPABILITIES 


This section contains a description of the regis- 
ters and the data organization of the 68000. 


Operand Size 

Operand sizes are defined as follows: a byte 
equals 8 bits, a word equals 16 bits, and along 
word equals 32 bits. The operand size for each 
instruction is either explicitly encoded in the in- 
struction or implicitly defined by the instruction 
operation. Implicit instructions support some 
subset of all three sizes. 


Data Organization in Registers 
The eight data registers support data operands 
of 1, 8, 16, or 32 bits. The seven address regis- 
ters together with the stack pointers support ad- 
dress operands of 32 bits. 


Data Registers 

Each data register is 32 bits wide. Byte oper- 
ands occupy the low-order 8 bits, word oper- 
ands the low-order 16 bits, and long-word oper- 
ands the entire 32 bits. The least significant bit 
is addressed as bit zero; the most significant bit 
is addressed as 31. 


When a data register is used as either a source 
or destination operand, only the appropriate 
low-order portion is changed; the remaining 
high-order portion is neither used nor changed. 


Address Registers 

Each address register and the stack pointer is 
32 bits wide and holds a full 32-bit address. Ad- 
dress registers do not support the sized oper- 
ands. Therefore, when an address register is 
used as a source operand, either the low-order 
word or the entire long-word operand is used 
depending on the operation size. When an ad- 
dress register is used as the destination oper- 
and, the entire register is affected regardless of 
the operation size. If the operation size is word, 
any other operands are sign extended to 32 bits 
before the operation is performed. 
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BYTE000002 


BYTE FFFFFE 


Figure 4. Word Organization in Memory 


Data Organization in Memory 

Bytes are individually addressable with the 
high-order byte having an even address the 
same as the word, as shown in Figure 4. The 
low-order byte has an odd address that is one 
count higher than the word address. Instruc- 
tions and multibyte data are accessed only on 
word (even byte) boundaries. If along-word da- 
tum is located at address n (n even), then the 
secondword of that datum is located ataddress 
n+ 2. 


The data types supported by the 68000 are: bit 
data, integer data of 8, 16, or 32 bits, 32-bit ad- 
dresses and binary-coded decimal data. Each 
of these data types is putin memory, as shown 
in Figure 5. The numbers indicate the order in 
which the data would be accessed from the pro- 
cessor. 


Addressing 

Instructions for the 68000 contain two kinds of 
information: the type of function to be per- 
formed and the location of the operand(s) on 
which to perform that function. The methods 
used to locate (address) the operand(s) are ex- 
plained in the following paragraphs. 


Instructions specify an operand location in one 
of three ways: 


Register specification — the number of the regis- 
ter is given in the register field of their instruc- 
tion. 
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Effective address — use of the different effective 
addressing modes. 


Implicit reference — the definition of certain in- 
structions implies the use of specific registers. 


Instruction Format 

Instructions are from one to five words in length 
as shown in Figure 6. The length of the instruc- 
tion and the operation to be performed is speci- 
fied by the first word of the instruction which is 
called the operation word. The remaining words 
further specify the operands. These words are 
either immediate operands or extensions to the 
effective address mode specified in the opera- 
tion word. 


Program/Data References 

The 68000 separates memory references into 
two classes: program references and data ref- 
erences. Program references, as the name im- 
plies, are references to that section of memory 
that contains the program being executed. Data 
references refer to that section of memory that 
contains data. Operand reads are from the data 
space exceptin the case of the program counter 
relative addressing mode. All operand writes 
are to the data space. 


Register Specification 

The register field within an instruction specifies 
the register to be used. Other fields within the 
instruction specify whether the register se- 
lected is an address or data register and how 
the register is to be used. 


Signetics Military Customer Specific Products Product Specification 


16-/32-Bit Microprocessor 68000 


BIT DATA - 1 BYTE-8 BITS 
7 6 5 4 3 2 1 0 


INTEGER DATA - 1 BITE = 8 BITS 
7 6 5 4 3 2 1 tt] 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ] 


LOW ORDER 


ADDRESSES - 1 ADDRESS = 32 BITS 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


HIGH ORDER 
ADDRESS 0 
LOW ORDER 


ADDRESS 1 


ADDRESS 2 


MSB = MOST SIGNIFICANT BIT LSB = LEAST SIGNIFICANT BIT 


DECIMAL DATA 
2 BINARY CODED DECIMAL DIGITS = 1 BYTE 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


MSD = MOST SIGNIFICANT DIGIT LSD = LEAST SIGNIFICANT DIGIT 


Figure 5. Memory Data Organization 


July 25, 1986 369 


Signetics Military Customer Specific Products 


Product Specification 


16-/32-Bit Microprocessor 


68000 


15 14 13 12 "1 10 9 8 7 6 5 4 3 2 1 0 
OPERATION WORD 
(FIRST WORD SPECIFIES OPERATION AND MODES) 
IMMEDIATE OPERAND 
(IF ANY, ONE OR TWO WORDS) 


SOURCE EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 
DESTINATION EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 


Figure 6. Instruction Operation Word General Format 


Effective Address 

Most instructions specify the location of an op- 
erand by using the effective address field in the 
operation word. For example, Figure 7 shows 
the general format of the single-effective-ad- 
dress instruction operation word. The effective 
address is composed of two 3-bit fields: the 
mode field and the register field. The value in 
the mode field selects the different address 
modes. The register field contains the number 
of a register. 


The effective address field may require addi- 
tional information to fully specify the operand. 
This additional information, called the effective 
address extension, is contained in the following 
word or words and is considered part of the in- 
struction, as shown in Figure 6. The effective 
address modes are grouped into three catego- 
ries: register direct, memory addressing, and 
special. 


Register Direct Modes 

These effective addressing modes specify that 
the operand is in one of 16 multifunction regis- 
ters. 


Data Register Direct — The operand is in the 
data register specified by the effective address 
register field. 


Address Register Direct — The operandis in 
the address register specified by the effective 
address register field. 


Memory Address Modes 

These effective addressing modes specify that 
the operand is in memory and provide the spe- 
cific address of the operand. 


Address Register Indirect — The address of 
the operand is in the address register specified 
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15 14 13 12 11 10 9 8 7 6 


Figure 7. Single-Effective-Address Instruction Operation Word 


by the register field. The reference is classified 
as a data reference with the exception of the 
jump and jump-to-routine instructions. 


Address Register Indirect with Postincre- 
ment — The address of the operand is in the 
address register specified by the register field. 
After the operand address is used, it is increm- 
ented by one, two, or four depending on wheth- 
er the size of the operand is byte, word, or 
long-word. If the address register is the stack 
pointer and the operand size is byte, the ad- 
dress is incremented by two rather than one to 
keep the stack pointer on a word boundary. The 
reference is classified as a data reference. 


Address Register Indirect with Predecre- 
ment — The address of the operand is in the 
address register specified by the register field. 
Before the operand address is used, it is de- 
cremented by one, two, or four depending upon 
whether the operand size is byte, word, or 
long-word. If the address register is the stack 
pointer and the operand size is byte, the ad- 
dress is decremented by two rather than one to 
keep the stack pointer on a word boundary. The 
reference is classified as a data reference. 


Address Register Indirect with Displace- 
ment — This addressing mode requires one 
word of extension. The address of the operand 
is the sum of the address in the address register 
and the sign-extended 16-bit displacement in- 
teger in the extension word. The reference is 
classified as a data reference with the excep- 
tion of the jump and jump-to-subroutine instruc- 
tions. 


Address Register Indirect with Index — This 
addressing mode requires one word of exten- 
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5 4 
MOD 


3 2 
EFFECTIVE ADDRESS 
E REGISTER 


1 0 


sion. The address of the operand is the sum of 
the address in the address register, the sign-ex- 
tended displacement integer in the low-order 
eight bits of the extension word, and contents of 
the index register. The reference is classified as 
a data reference with the exception of the jump 
and jump-to-subroutine instructions. 


Special Address Modes 

The special address modes use the effective 
address register field to specify the special ad- 
dressing mode instead of a register number. 


Absolute Short Address — This addressing 
mode requires one word of extension. The ad- 
dress of the operand is the extension word. The 
16-bit address is sign extended before it is 
used. The reference is classified as a data refer- 
ence with the exception of the jump and 
jump-to-subroutine instructions. 


Absolute Long Address — This addressing 
mode requires two words of extension. The ad- 
dress of the operand is developed by the con- 
catenation of the extension words. The high-or- 
der part of the address is the first extension 
word; the low-order part of the address is the 
secondextension word. The reference is classi- 
fied as a data reference with the exception Of 
the jump and jump-to-subroutine instructions. 


Program Counter with Displacement — This 
addressing mode requires one word of exten- 
sion. The address of the operand is the sum of 
the address in the program counter and the 
sign-extended 16-bit displacement integer in 
the word. The value in the program counter is 
the address of the extension word. The refer- 
ence is classified as a program reference. 
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Table 4. Effective Address Encoding Summary 


ADDRESSING MODE REGISTER 


Address register indirect with postincrement 


Address register indirect with predecrement 


AN — -+SP) 
SP — An 


source [ ] = bit number () + = indirect with postdecrement 
destination -{ ) = indirect with predecrement # = immediate data 
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Program Counter with Index — This address- 
ing mode requires one word of extension. The 
address is the sum of the address in the pro- 
gram counter, the sign-extended displacement 
integer in the lower eight bits of the extension 
word, and the contents of the index register. The 
value in the program counter is the address of 
the extension word. This reference is classified 
as a program reference. 


Immediate Data — This addressing mode re- 
quires either one or two words of extension de- 
pending on the size of the operation. 


Byte operation — operand is low-order byte of 
extension word. 


Word operation — operand is extension word. 


Long-word operation — operand is in the two ex- 
tension words, high-order 16 bits are in the first 
extension word, low-order 16 bits are in the sec- 
ond extension word. 


implicit Reference — Some instructions make 
implicit reference to the program counter (PC), 
the system stack pointer (SP), the supervisor 
stack pointer (SSP), the user stack pointer 
(USP), or the status register (SR). A selected 
set of instructions may reference the status reg- 
ister by means of the effective address field. 
These are: 


ANDI to CCR ORI to SR 
ANDI to SR MOVE to CCR 
EORI to CCR MOVE to SR 
EORI to SR MOVE from SR 
ORI to CCR 
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Effective Address Encoding 


Summary 
Table 4 is a summary of the effective addressing 
modes discussed in the previous paragraphs. 


System Stack 

The system stack is used implicitly by many in- 
structions; user stacks and queues may be 
createdand maintained through the addressing 
modes. Address register seven (A7) is the sys- 
tem stack pointer (SP). The system stack point- 
eris either the supervisor stack pointer (SSP) or 
the user stack pointer (USP), depending on the 
state of the S bitin the status register. If the S bit 
indicates supervisor state, SSP is the active 
system stack pointer and the USP cannot be 
referencedas an address register. If the S bit in- 
dicates user state, the USP is the active system 
stack pointer and the SSP cannot be refer- 
enced. Each system stack fills from high 
memory to low memory. 


INSTRUCTION SET SUMMARY 
This section contains an overview of the form 
and structure of the 68000 instruction set. The 
instructions form a set of tools that include all 
the machine functions to perform the following 
operations: 
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Data movement Bit Manipulation 
Integer arithmetic Binary coded decimal 
Logical Program control 

Shift and rotate System control 


The complete range of instruction capabilities 
combined with the flexible addressing modes 
described previously provide a very flexible 
base for program development. 


Data Movement Operations 

The basic method of data acquisition (transfer 
and storage) is provided by the move (MOVE) 
instruction. The move instruction and the effec- 
tive addressing modes allow both address and 
data manipulation. Data move instructions al- 
low byte, word, and long-word operands to be 
transferred from memory to memory, memory 
to register, register to memory, and register to 
register. Address move instructions allow word 
and long-word operand transfers and ensure 
that only legal address manipulations are ex- 
ecuted. In addition to the general move instruc- 
tion there are several special data movement 
instructions: move multiple registers (MO- 
VEM), move peripheral data (MOVEP), ex- 
change registers (EXG), load effective address 
(LEA), push effective address (PEA), link stack 
(LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 5 is a summary of the data 
movement operations. 
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Table 6. Integer Arithmetic Operations 


INSTRUCTION pate OPERATION 


Dn + (EA) > Dn 
(EA) + Dn — (EA) 
(EA) + #xxx — (EA) 
An + (EA) > An 
Dx + Dy + X — Dx 

—(Ax) + -(Ay) + X — (Ax) 

[aia [OER SSCS 
Dn — (EA) 
(EA) — #xxx 
(Ax) + -{Ay)- 


Dn + (EA) > Dn 
Dn + (EA) > Dn 


Dn — (EA) — Dn 
(EA) — Dn — (EA) 
(EA) — #xxx — (EA) 
An — (EA) m—> An 
Dx — Dy -X — Dx 

— (Ax) — (Ay) — X — (Ax) 


bit number 
immediate data 


indirect with predecrement 
indirect with postdecrement 


Table 7. Logical Operations 


Dn A (EA) > Dn 
(EA) A Dn — (EA) 
(EA) A #xxx —> (EA) 
Dn V (EA) — Dn 


(EA) V Dn => (EA) 
(EA) V #xxx —> (EA) 


(EA) ® Dy — (EA) 
(EA) ® #xxx — (EA) 


~ (EA) — (EA) 


# = immediate data V_ = logicalOR 
~ = Invert ® = logical Exclusive-OR 
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Integer Arithmetic Operations 


The arithmetic operations include the four 
basic operations of add (ADD), subtract 
(SUB), multiply (MUL), and divide (DIV), as 
well as arithmetic compare (CMP), clear 
(CLR), and negate (NEG). The add and sub- 
tract instructions are available for both 
address and data operations, with data opera- 
tions accepting all operand sizes. Address 
operations are limited to legal address size 
operands (16 or 32 bits). Data, address, and 
memory compare operations are also avail- 
able. The clear and negate instructions may 
be sued on all sizes of data operands. 


The multiply and divide operations are avail- 
able for signed and unsigned operands using 
word multiply to produce a long-word product, 
and a long-word dividend with word divisor to 
produce a word quotient with a word remain- 
der. 


Multiprecision and mixed size arithmetic can 
be accomplished using a set of extended in- 
structions. These instructions are: add ex- 
tended (ADDX), subtract extended (SUBX), 
sign extend (EXT), and negate binary with ex- 
tend (NEGX). 


A test operand (TST) instruction that will set 
the condition codes as a result of acompare of 
the operand with zero is also available. Test 
and set (TAS) is a synchronization instruction 
useful in multiprocessor systems. Table 6 is a 
summary of the integer arithmetic operations. 


Logical Operations 


Logical operation instructions AND, OR, EOR, 
and NOT are available for all sizes of integer 
data operands. A similar set of immediate in- 
structions (ANDI, ORI, and EORI) provide 
these logical operations with all sizes of imme- 
diate data. Table 7 is a summary of the logical 
operations. 
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Table 8. Shift and Rotate Operations Shift and Rotate Operations 
en OPERATION Shift operations in both directions are pro- 
INSTRUCTION OPERAND SIZE vided by the arithmetic instructions ASR and 
ASL and logical shift instructions LSR and 
LSL. The rotate instructions (with and without 
extend) available are ROXR, ROXL, ROR, 
and ROL. All shift and rotate operations can 
be performed in either registers or memory. 
Register shifts androtates supportall operand 
sizes and allow a shift count specifiedin a data 
register. 


| 


as Ee 
ec 


Memory shifts and rotates are for word oper- 
ands only and allow only single-bit shifts or 
rotates. 


Table 8 is a summary of the shift and rotate 
operations. 


E 
?) 
Oo 


Eanes ——— k- 
ROXL 8, 16, 32 
ROXR 8, 16, 32 


Table 9. Bit Manipulation Operations Bit Manipulation Operations 
INSTRUCTION OPERAND SIZE OPERATION Bit manipulation operations are accomplished 
using the following instructions: bit test 
BIST ~bit of (EA) — Z (BTST), bit test and set (BSET), bit test and 


7 clear (BCLR), and bit test and change 
BSET bit of (EA) —> 2 (BCHG). Table 9 is a summary of the bit ma- 
1 — bitof EA 
~bit of (EA) > Z 
0 > bit of EA 


nipulation operations. (Z is bit 2 of the status 
~bit of (EA) > Z 
~bit of (EA) > bit of E 


register.) 


NOTE: ~ = invert 
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Table 10. Binary Coded Decimal Operations 


INSTRUCTION OPERAND SIZE OPERATION 


ABCD Dx1i9 + Dyi9 + X — Dx 
— (Ax)10 + — (AY) 10 + X —» (Ax) 


Dx1i9 — Dy19 — X —> Dx 
NOTE: -{ ) = indirect with predecrement. 


— (AX)10 — (AY)10— X — (Ax) 


0 —(EA)10— X —> (EA) 


Table 11. Program Control Operations 


Branch conditionally (14 conditions) 
8- and 16-bit displacement 


Test condition, decrement, and branch 
16-bit displacement 


Set byte conditionally (16 conditions) 


Unconditional 
BRA 


Branch always 
8- and 16-bit displacement 


BSR Branch to subroutine 


8- and 16-bit displacement 
Jump 
Jump to subroutine 


Returns 
RTR 
RTS 


Return and restore condition codes 
Return from subroutine 


Table 12. System Control Operations 


INSTRUCTION OPERATION 


Privileged 
ANDI To SR 
EORI to SR 
MOVE EA to SR 
MOVE USP 
ORI to SR 
RESET 
RTE 
STOP 


Trap Generating 
CHK 
TRAP 
TRAPV 


Status Register 
ANDI to CCR 
EORI to CCR 
MOVE EA to CCR 
MOVE SR to EA 
ORI to CCR 


Logical AND to status register 
Logical EOR to status register 
Load new status register 
Move user stack pointer 
Lorical OR to status register 
Reset external devices 
Return from exception 

Stop program execution 


Check data register against upper bounds 
Trap . 
Trap on overflow 


Logical AND to condition codes 
Logical EOR to condition codes 
Load new condition codes 
Store status register 


Logical OR to condition codes 
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Binary Coded Decimal 
Operations 


Multiprecision arithmetic operations on binary 
coded decimal numbers are accomplished us- 
ing the following instructions: add decimal with 
extend (ABCD), subtract decimal with extend 
(SBCD), and negate decimal with extend 
(NBCD). Table 10 is a summary of the binary 
coded decimal operations. 


Program Control Operations 


Program control operations are accomplished 
using a series of conditional and unconditional 
branch instructions and return instructions. 
These instructions are summarized in 

Table 11. 


The conditional instructions provide setting 
and branching for the following conditions: 


CC — carry clear LS — low or same 
CS —carry set LT — less than 
EQ — equal MI — minus 

F — never true NE — not equal 
GE — greater or equal PL — plus 

GT — greater than T — always true 
HI — high VC — no overflow 
LE —less or equal VS — overflow 


System Control Operations 


System control operations are accomplished 
by using privileged instructions, trap generat- 
ing instructions, and instructions that use or 
modify the status register. These instructions 
are summarized in Table 12. 
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ADDRESS 


A1-A23 
DATABUS D0-D15 
ro 
RW 
a ASYNCHRONOUS 
re BUS 
PROCESSOR FCI Los CONTROL 
: FC? DIACK 
E BR 
SYNCHRONOUS = 5 } BUS ARBITRATION 
CONTROL 
CONTROL BGKCK 
oe a 
SYSTEM | xe PLT INTERRUPT 
=e CONTROL 


Figure 8. Input and Output Signals 


Table 13. Data Strobe Control of Data Bus 


NOTE: 


D8 - D15 DO - D7 
No valid data No valid data 


bay j tow | High Valid d data bits Valid data bits 
| tow | High be waeadee Valid data bits 
| High Valid Aer bits No valid data 
kaw nf Valid Soe bits ae ar bits 
Valid data bits — = bits 
0-7* 

a data bits ia data bits 

-—15 — 15° 


* These conditions are a result of current implementation and may not appear on future devices. 


SIGNAL AND BUS OPERATION 
DESCRIPTION 


This section contains a brief description of the 
input and output signals. A discussion of bus 
operation during the various machine cycles 
and operations is also give. 


NOTE 

The terms assertion and negation will be used 
extensively. This is done to avoid confusion 
when dealing with a mixture of “active-low” and 
“active-high” signals. The term assert or asser- 
tion is used to indicate that a signal is active or 
true, independent of whether that level is repre- 
sented by a high or low voltage. The term ne- 
gate or negation is used to indicate that a signal 
is inactive or false. 
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Signal Description 

The input and output signals can be functionally 
organized into the groups shown in Figure 8. 
The following paragraphs provide a brief de- 
scription of the signals and a reference (if appli- 
cable) to other paragraphs that contain more 
detail about the function being performed. 


Address Bus (A1 through A23) 

This 23-bit, unidirectional, three-state bus is ca- 
pable of addressing 8 megawords of data. It 
provides the address for bus operation during 
all cycles except interrupt cycles. During inter- 
rupt cycles, address lines A1, A2, and A3 pro- 
vide information about whatlevel interruptis be- 
ing serviced while address lines A4 through 
A23 are all set to a logic high. 
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Data Bus (D0 through D15) 

This 16-bit bidirectional, three-state bus is the 
general purpose data path. It can transfer and 
acceptdata in either word or byte length. During 
an interrupt acknowledge cycle, the external 
device supplies the vector number on data lines 
DO - D7. 


Asynchronous Bus Control 

Asynchronous data transfers are handled using 
the following control signals: address strobe, 
read/write, upper and lower data strobes, and 
data transfer acknowledge. These signals are 
explained in the following paragraphs. 


Address Strobe (AS) — This signal indicates 
that there is a valid address on the address bus. 
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Read/Write (R/W) — This signal defines the 
data bus transfer as aread or write cycle. The 
R/W signal also works in conjunction with the 
data strobes as explained in the following para- 
graph. 

Upper and Lower Data Strobe (UDS, CDS) — 
These signals control the flow of data on the 
data bus, as shown in Table 13. When the R/W 
line is high, the processor will read from the data 
bus as indicated. When the R//W line is low the 
processor will write to the data bus as shown. 


Data Transfer Acknowledge (DTACK) — This 
input indicates that the data transfer is com- 
pleted. When the processor recognizes DTACK 
during a read cycle, data is latched and the bus 
cycle terminated. When DTACK is recognized 
during awrite cycle, the bus cycle is terminated. 
(Refer to Asynchronous Versus Synchro- 
nous Operation). 


Bus Arbitration Control 

The three signals, bus request, bus grant, and 
bus grant acknowledge, form a bus arbitration 
circuit to determine which device will be the bus 
master device. 


Bus Request (BR) — This input is wire ORed 
with all other devices that could be bus masters. 
This input indicates to the processor that some 
other device desires to become the bus master. 


Bus Grant (BG) — This output indicates to all 
other potential bus master devices that the pro- 
cessor will release bus control at the end of the 
current bus cycle. 


Bus Grant Acknowledge (BGACK) — This in- 
put indicates that some other device has be- 
come the bus master. This signal should not be 
asserted until the following four conditions are 
met:: 

1. a bus grant has been received, 


2. address strobe is inactive which indicates 
that the microprocessor is not using the 
bus, | 


3. data transfer acknowledge is inactive which 
indicates that neither memory nor peripher- 
als are using the bus, and 


4. bus grant acknowledge is inactive which indi- 
cates that no other device is still claiming 
bus mastership. 


Interrupt Control (IPLO, IPL1, IPL2) 

These input pins indicate the encoded priority 
level of the device requesting an interrupt. Level 
seven is the highest priority while level zero indi- 
cates that no interrupts are requested. Level 
seven cannot be masked. The least significant 
bitis given in IPLO and the most significant bit is 
contained in IPL2. These lines must remain 
stable until the processor signals interrupt ac- 
knowledge (FCO - FC2 are all high) to insure 
that the interrupt is recognized. 
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System Control 

The system control inputs are used to either re- 
set or halt the processor and to indicate to the 
processor that bus errors have occurred. the 
three system control inputs are explained in the 
following paragraphs. 


Bus Error (BERR) — This input informs the 
processor that there is a problem with the cycle 
currently being executed. Problems may be a 
result of: 

1. nonresponding devices, 


2. Interrupt vector number acquisition failure, 


3. illegal access request as determined by a 
memory management unit, or 


4. other application dependent errors. 


The bus error signal interacts with the halt sig- 
nal to determine if the current bus cycle should 
be re-executed or if exception processing 
should be performed. 


Refer to Bus Error and Halt Operation for ad- 
ditional information about the interaction of the 
bus error and halt signals. 


Reset (RESET) — This bidirectional signal line 
acts to reset (start a system initialization se- 
quence) the processor in response to an exter- 
nal reset signal. An internally generated reset 
(result of a RESET instruction) causes all exter- 
nal devices to be reset and the internal state of 
the processor is not affected. A total system re- 
set (processor and external devices) is the re- 
sult of external HALT and RESET signals 
applied at the same time. Refer to Reset Oper- 
ation for further information. 


Halt (HALT) — When this bidirectional line is 
driven by an external device, it will cause the 
processor to stop at the completion of the cur- 
rent bus cycle. When the processor has been 
halted using this input, all control signals are in- 
active and all 3-State lines are put in their 
high-impedance state (refer to Table 15). Refer 
to Bus Error and Halt Operation for additional 
information about the interaction between the 
HALT and bus error signals. 


When the processor has stopped executing in- 
structions, such as in a double bus fault condi- 
tion (refer to Double Bus Faults), the HALT line 
is driven by the processor to indicate to external 
devices that the processor has stopped. 


Peripheral Control 

These control signals are used to allow the in- 
terfacing of synchronous peripheral devices 
with the asynchronous 68000. These signals 
are explained in the following paragraphs. 


Enable(E)— This signal is the standard enable 
signal common to all synchronous type periph- 
eral devices. The period for this output is ten 
68000 clock periods (six clocks low, four clocks 
high). Enable is generated by an internal ring 
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counter which may come up in any state (i.e., at 
power on, it is impossible to guarantee phase 
relationship of E to CLK). E is a free-running 
clock and runs regardless of the state of the bus 
on the MPU. 


Valid Peripheral Address (VPA) —This input 
indicates that the device or region addressed is 
a synchronous family device and that data 
transfer should be synchronized with the en- 
able (E) signal. This input also indicates that the 
processor should use automatic vectoring for 
an interrupt. Refer to Interface with Synchro- 
nous Peripherals. 


Valid Memory Address (VMA) — This output 
is used to indicate to synchronous peripheral 
devices that there is a valid address on the ad- 
dress bus and the processor is synchronized to 
enable. This signal only responds to a valid pe- 
ripheral address (VPA) input which indicates 
that the peripheral is a synchronous family de- 
vice. 


Processor Status (FCO, FC1, FC2) 

These function code outputs indicate the state 
(user or Supervisor) and the cycle type currently 
being executed, as shown in Table 14. The in- 
formation indicated by the function code out- 
puts is valid whenever address strobe (AS) is 
active. 


Table 14. Function Code Outputs 


FUNCTION 
CODE OUTPUT 
| FCO CYCLE TYPE 


Undefined, reserved) 


OW 


High | (Undefined, reserved) 


Interrupt acknowledge 


Clock (CLK) 

The clock input is a TTL-compatible signal that 
is internally buffered for development of the in- 
ternal clocks needed by the processor. The 
clock input should not be gated off at any time 
and the clock signal must conform to minimum 
and maximum pulse width times. 


& 


a 
x 


ie) 


a 
Po 


FC2 
Low 
Low 
Low 
Low 
High 
High 


EB 


Signal Summary 
Table 15 is a summary of all the signals dis- 
cussed in the previous paragraphs. 
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Bus Operation 

The following paragraphs explain control signal 
and bus operation during data transfer opera- 
tions, bus arbitration, bus error and halt condi- 
tions, and reset operation. 


Data Transfer Operations 
1. address bus A1 through A23, 


2. data bus DO through D15, and 
3. control signals. 
The address and data buses are separate par- 


allel buses used to transfer data using an 
asynchronous bus structure. In all cycles, the 


Table 15. Signal Summary 


NOTES: 
1. Open Drain 


Upper and lower data strobes | UDS,IDS 


pwr ER] 


bus master assumes responsibility for deskew- 
ing all signals it issues at both the start and end 
ofacycle. In addition, the bus master is respon- 
sible for deskewing the acknowledge and data 
signals from the slave device. 


The following paragraphs explain the read, 
write, and read-modify-write cycles. The indi- 
visible read-modify-write cycle is the method 
used by the 68000 for interlocked multiproces- 
sor communications. 


Read Cycle — During aread cycle, the proces- 
sor receives data from the memory or a periph- 
eral device. The processor reads bytes of data 
inallcases. If the instruction specifies a word (or 
double word) operation, the processor reads 


Input/output 


2. Function codes are placed in high-impedance state during HALT. 
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INPUT/OUTPUT ACTIVE STATE 


Output Read-high 
Write-low 


a 
ee 
a 


Lo 
Lo 
Lo 
Lo 
Lo 
Lo 
Lo 
Lo 
Lo 
Lo 

fe) 

fo) 


both upper and lower bytes simultaneously by 
asserting both upper and lower data strobes. 
When the instruction specifies byte operation, 
the processor uses an internal AO bit to deter- 
mine which byte to read and then issues the 
data strobe required for that byte. For byte oper- 
ations, when the AO bit equals zero, the upper 
data strobe is issued. When the AO bit equals 
one, the lower data strobe is issued. When the 
data is received, the processor correctly posi- 
tions it internally. 


Aword read cycle flowchart is given in Figure 9. 
Abyte read cycle flowchartis given in Figure 10. 
Read cycle timing is given in Figure 11. Figure 
12 details word and byte read cycle operations. 
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BUS MASTER 


ADDRESS THE DEVICE 


1) SET R/W TO READ 

2) PLACE FUNCTION CODE ON FCO-FC2 

3) PLACE ADDRESS ON A1-A23 

4) ASSERT ADDRESS STROBE (AS) 

5) ASSERT UPPER DATA STROBE (UDS) AND ) 
LOWER DATA STROBE (CDS) 


INPUT THE DATA 


1) DECODE ADDRESS 

2) PLACE DATA ON D0-D15 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACR) 


ACQUIRE THE DATA 


1) LATCH DATA 
2) NEGATE UDS AND LDS 
3) NEGATE AS 


TERMINATE THE CYCLE 


1) REMOVE DATA FROM DO-D15 
2) NEGATE DTACK 


START NEXT CYCLE 


Figure 9. Word Read Cycle Flowchart 


BUS MASTER SLAVE 


ADDRESS THE DEVICE 


1) SET RW TO READ 

2) PLACE FUNCTION CODE ON FCO-FC2 

3) PLACE ADDRESS ON A1-A23 

4) ASSERT ADDRESS STROBE (AS) 

5) ASSERT UPPER DATA STROBE (UDS) OR) 
LOWER DATA STROBE (CDS) (BASED ON AO) 


INPUT THE DATA 


1) DECODE ADDRESS 
2) PLACE DATA ON DO-D7 OR D8-D15 (BASED 
ON UDS OR 


3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTATR) 


ACQUIRE THE DATA 


1) LATCH DATA 
2) NEGATE UDS AND LDS 


3) NEGATE AS 


TERMINATE THE CYCLE 


1) REMOVE DATA FROM DO-D7 OR D8-D15 


2) NEGATE DTACK 


START NEXT CYCLE 


Figure 10. Byte Read Cycle Flowchart 
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$1 S2 S3 S4 S56 S6 S7 SO Si S2 S3 S S5 S6 S7 SO Si S2 83 3S W W W W SS SE S7 
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Figure 11. Read and Write Cycle Timing Diagram 


Si S2 S3 S4 S5 S6 S7 SO Si S2 S3 S4 S5 S6 S7 SO Si S2 S3 S4 S5 SE S7 


“INTERNAL SIGNAL ONLY 


eee WORD READ nee ODD BYTE READ Se ee ee EVEN BYTE READ one 


Figure 12. Word and Byte Read Cycle Timing Diagram 
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Write Cycle — During awrite cycle, the proces- 
sor sends data to either the memory or a periph- 
eral device. The processor writes bytes of data 
in all cases. If the instruction specifies a word 
operation, the processor writes both bytes. 


the processor uses an internal AO bit to deter- 
mine which byte to write and then issues the 
data strobe required for that byte. For byte oper- 
ations, when the AO bit equals zero, the upper 
data strobe is issued. When the AO bit equals 


one, the lower data strobe is issued. A word 
write cycle flowchart is given in Figure 13. A 
byte write cycle flowchart is given in Figure 14. 
Write cycle timing is given in Figure 11. Figure 
15 details word and byte write cycle operation. 


When the instruction specifies a byte operation, 


BUS MASTER 


ADDRESS THE DEVICE 


1) PLACE FUNCTION CODE ON FCO-FC2 

2) PLACE ADDRESS ON A1-A23 

3) ASSERT ADDRESS STROBE (AS) 

4) SET R/W TO WRITE 

5) PLACE DATA ON D0-D15 

6) ASSERT UPPER DATA STROBE (UDS) AND 
LOWER DATA STROBE (CDS) 


INPUT THE DATA 


1) DECODE ADDRESS 

2) STORE DATA ON DO-015 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
DTACR) 


( 
TERMINATE OUTPUT TRANSFER 


1) NEGATE UDS AND CDS 

2) NEGATE AS 

3) REMOVE DATA FROM DO-D15 
4) SET R/W TO READ 


TERMINATE THE CYCLE 


START NEXT CYCLE 


Figure 13. Word Write Cycle Flowchart 
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BUS MASTER 


ADDRESS THE DEVICE 


1) PLACE FUNCTION CODE ON FCO-FC2 

2) PLACE ADDRESS ON A1-A23 

3) ASSERT ADDRESS STROBE (AS) 

4) SET R/W TO WRITE 

5) PLACE DATA ON D0-07 OR D8-D15 
(ACCORDING TO AO) 


6) ASSERT UPPER DATA STROBE (ODS) AND 
LOWER DATA STROBE (CDS) (BASED ON AO) INPUT THE DATA 
1) DECODE ADDRESS 
2) STORE DATA ON DO-D7 IF LDS |S AS- 
SERTED 
STORE DATA ON D8-D15 IF UDS |S 


ASSERTED 
3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACR) 


TERMINATE OUTPUT TRANSFER 


1) NEGATE UDS AND LDS 

2) NEGATE AS 

3) REMOVE DATA FROM DO-D07 OR D8-D15 
4) SET R/W TO READ 


TERMINATE THE CYCLE 


1) NEGATE DTACK 
START NEXT CYCLE 


Figure 14. Byte Write Cycle Flowchart 


S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S SE S7 


“INTERNAL SIGNAL ONLY 


pen WORD WRITE Se otis See ODD BYTE WRITE Bea EVEN BYTE WRITE nel 


Figure 15. Word and Byte Write Cycle Timing Diagram 


July 25, 1986 382 


Signetics Military Customer Specific Products 


Product Specification 


16-/32-Bit Microprocessor 


68000 


Read-Modify-Write Cycle — The read- 
modify-write cycle performs a read, modifies 
the data in the arithmetic-logic unit, and writes 
the data back to the same address. In the 
68000, this cycle is indivisible in that the ad- 


cycle. The test and set (TAS) instruction uses 
this cycle to provide meaningful communication 
between processors in a multiple processor en- 
vironment. This instruction is the only instruc- 
tion that uses the read-modify-write cycles and 


since the test and set instruction only operates 
on bytes, all read-modify-write cycles are byte 
operations. Aread-modify-write cycle flowchart 
is given in Figure 16 anda timing diagram is giv- 
en in Figure 17. 


dress strobe is asserted throughout the entire 


BUS MASTER 


ADDRESS THE DEVICE 


1) SET R/W TO READ 

2) PLACE FUNCTION CODE ON FCO-FC2 

3) PLACE ADDRESS ON A1-A23 

4) ASSERT ADDRESS STROBE (AS 

5) ASSERT UPPER DATA STROBE OR 
LOWER DATA STROBE (CDS) 


INPUT THE DATA 


1) DECODE ADDRESS 

2) PLACE DATA ON D0-07 OR D8-D15 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACR) 


ACQUIRE THE DATA 


1) LATCH DATA 
2) NEGATE UDS OR [DS 
3) START DATA MODIFICATION 


TERMINATE THE CYCLE 


1) REMOVE DATA FROM DO-D7 OR D8-D15 
2) NEGATE DTACK 


START OUTPUT TRANSFER 


1) SET R/W TO WRITE 

2) PLACE DATA ON DO-D7 OR D8-D15 

3) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (CDS) 


INPUT THE DATA 


1) STORE DATA ON DO-D7 OR D8-D15 
2) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACR) 


TERMINATE OUTPUT TRANSFER 


1) NEGATE UDS OR [DS 

2) NEGATE AS 

3) REMOVE DATA FROM DO-D7 OR D8&-D15 
4) SET R/W TO READ 


TERMINATE THE CYCLE 


1) NEGATE DTACK 


Figure 16. Read-Modify-Write Cycle Flowchart 


START NEXT CYCLE 
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$1 S2 S3 S4 S5 S6 S7 SO S1 


S2 S3 S4 S5 S6 S7 SO SI! 


S2 S3 S4 W 


[Mf aa INDIVISIBLE CYCLE oo enna 


Figure 17. Read-Modify-Write Cycle Timing Diagram 


Bus Arbitration 

Bus arbitration is a technique used by mas- 
ter-type devices to request, be granted, and ac- 
knowledge bus mastership. In its simplest form, 
it consists of the following: 


1. asserting a bus mastership request, 


2. receiving a grant that the bus is available at 
the end of the current cycle, and 


3. acknowledging that mastership has been as- 
sumed. 


Figure 18 is a flowchart showing the detail in- 
volved in a request from a single device. Figure 
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19 is a timing diagram for the same operation. 
This technique allows processing of bus re- 
quests during data transfer cycles. 


The timing diagram shows that the bus request 
is negated at the time that an acknowledge is 
asserted. This type of operation would be true 
for a system consisting of the processor and 
one device capable of bus mastership. In sys- 
tems having a number of devices capable of 
bus mastership, the bus request line from each 
device is wire-ORed to the processor. In this 
system, it is easy to see that there could be 
more than one bus request being made. The 
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timing diagram shows that the bus grant signal 
is negated a few clock cycles after the transition 
of the acknowledge (BGACR) signal. 


However, if the bus requests are still pending, 
the processor will assert another bus grantwith- 
in a few clock cycles after it was negated. This 
additional assertion of bus grant allows external 
arbitration circuitry to select the next bus master 
before the current bus master has completedits 
requirements. The following paragraphs pro- 
vide additional information about the three 
steps in the arbitration process. 
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PROCESSOR REQUESTING DEVICE 
REQUEST THE BUS 


1) ASSERT BUS REQUEST (BR) 


GRANT BUS ARBITRATION 


1) ASSERT BUS GRANT (BG) 


ACKNOWLEDGE BUS MASTERSHIP 


1) EXTERNAL ARBITRATION DETERMINES NEXT 
BUS MASTER 

2) NEXT BUS MASTER WAITS FOR CURRENT 
CYCLE TO COMPLETE 

3) NEXT BUS MASTER ASSERTS BUS GRANT 
ACKNOWLEDGE (BGACTR) TO BECOME 
NEW MASTER 


4) BUS MASTER NEGATES BR 
TERMINATE ARBITRATION 


1) NEGATE BG (AND WAIT FOR BGACK TO 
BE NEGATED) 


OPERATE AS BUS MASTER 


1) PERFORM DATA TRANSFERS (READ AND 
WRITE CYCLES) ACCORDING TO THE SAME 
RULES THE PROCESSOR USES 


RELEASE BUS MASTERSHIP 


1) NEGATE BGACK 


RE-ARBITRATE OR RESUME 
PROCESSOR OPERATION 


Figure 18. Bus Arbitration Cycle Flowchart 
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—— PROCESSOR --300fag—- DMA DEVICE ee PROCESSOR ee eo ee DMA DEVICE ————__—— 


Figure 19. 68000 Bus Arbitration Cycle Timing Diagram 


Requesting the Bus — External devices capa- 
ble of becoming bus masters request the bus by 
asserting the bus request (BR) signal. This is a 
wire-ORed signal (although it need not be con- 
structed from open-collector devices) that indi- 
cates to the processor that some external de- 
vice requires control of the external bus. The 
processor is effectively at a lower bus priority 
level than the external device and will relinquish 
the bus after ithas completed the last bus cycle 
it has started. 


When no acknowledge is received before the 
bus request signal goes inactive, the processor 
will continue processing when it detects that the 
bus request is inactive. This allows ordinary 
processing to continue if the arbitration circuitry 
responded to noise inadvertently. 


Receiving the Bus Grant — The processoras- 
serts bus grant (BG) as soon as possible. Nor- 
mally this is immediately after internal synchro- 
nization. The only exception to this occurs when 
the processor has made an internal decision to 
execute the next bus cycle but has not prog- 
ressed far enough into the cycle to have as- 
serted the address strobe (AS) signal. In this 
case, but grant will be delayed until AS is 
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asserted to indicate external devices that a bus 
cycle is being executed. 


The bus grant signal may be routed through a 
daisy-chained network or through a specific 
priority-encoded network. The processor is not 
affected by the external method of arbitration as 
long as the protocol is obeyed. 


Acknowledgment of Mastership — Upon re- 
ceiving a bus grant, the requesting device waits 
until address strobe, data transfer acknowl- 
edge, and bus grant acknowledge are negated 
before issuing its own BGACK. The negation of 
the address strobe indicates that the previous 
master has completed its cycle; the negation of 
bus grant acknowledge indicates that the pre- 
vious master has released the bus. (While ad- 
dress strobe is asserted, no device is allowed to 
“break into” a cycle.) The negation of data 
transfer acknowledge indicates the previous 
slave has terminated its connection to the pre- 
vious master. Note that in some applications 
data transfer acknowledge might not enter into 
this function. General purpose devices would 
then be connected such that they were only de- 
pendenton address strobe. When bus grant ac- 
knowledge is issued, the device is a bus master 
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until it negates bus grant acknowledge. Bus 
grant acknowledge should not be negated until 
after the bus cycle(s) is (are) completed. Bus 
mastership is terminated at the negation of bus 
grant acknowledge. 


The bus request from the granted device should 
be dropped after bus grant acknowledge is as- 
serted. If a bus request is still pending, another 
bus grant will be asserted within a few clocks of 
the negation of the bus grant. Refer to Bus Ar- 
bitration Control. Note that the processor 
does not perform any external bus cycles be- 
fore it re-asserts bus grant. 


Bus Arbitration Control 

The bus arbitration control unit in the 
SCN68000 is implemented with a finite state 
machine. A state diagram of this machine is 
shown in Figure 20. Allasynchronous signals to 
the SCN68000 are synchronized before being 
used internally. This synchronization is accom- 
plishedin amaximum of one cycle of the system 
clock, assuming that the asynchronous input 
setup time (#47) has been met (see Figure 21). 
The input signal is sampled on the falling edge 
of the clock and is valid internally after the next 
falling edge. 
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NOTES: 

R = Bus request internal 

A = Bus grant acknowledge internal 

G = Bus grant 

T = Three-state control to bus control logic? 

X = Don't care 

1. State machine will not change if the bus is SO or S1. Refer to Bus Arbitration Control. 

2. The address bus will be placed in the high-impedance state if T is asserted and AS is negated. 


Figure 20. 68000 Bus Arbitration Control Unit State Diagram 


INTERNAL SIGNAL VALID 


EXTERNAL SIGNAL SAMPLED 


BR (EXTERNAL) 


BR (INTERNAL) 


Figure 21. Timing Relationship of External Asynchronous Inputs to Internal Signals 
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BUS 3-STATED 
BG ASSERTED 
BR ASSERTED 
BR VALID INTERNAL 


BR SAMPLED | 


so 


BUS RELEASED FROM THREE STATE AND 
PROCESSOR STARTS NEXT BUS CYCLE 


a 


BGACK NEGATED INTERNAL 
BGACK SAMPLED 


BRACK NEGATED | 


ae PROCESSOR ——_—>|«—__—_ ALTERNATE BUS MASTER a at PROCESSOR ———- >>> 


Figure 22. Bus Arbitration Timing Diagram—Processor Active 


As shown in Figure 20, input signals labeled R 
and A are internally synchronized on the bus re- 
quest and bus grant acknowledge pins, respec- 
tively. The bus grant output is labeled G and the 
internal 3-State control signal T. If Tis true, the 
address, data, andcontrol buses are placedina 
high-impedance state when A$ is negated. All 
signals are shown in positive logic (active high) 
regardless of their true active voltage level. 
State changes (valid outputs) occur on the next 
rising edge after the internal signal is valid. 


A timing diagram of the bus arbitration se- 
quence during a processor bus cycle is shown 
in Figure 22. the bus arbitration sequence while 
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the bus is inactive (i.e., executing internal oper- 
ations such as a multiply instruction) is shown in 
Figure 23. 


Ilfabus requestis made ata time when the MPU 
has already begun a bus cycle but AS has not 
been asserted (bus state SO), BG will not be as- 
serted on the next rising edge. Instead, BG will 
be delayed until the second rising edge follow- 
ing its internal assertion. This sequence is 
shown in Figure 24. 


Bus Error and Halt Operation 
Ina bus architecture that requires a handshake 
from an external device, the possibility exists 
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that the handshake might not occur. Since dif- 
ferent systems will require a different maximum 
response time, abus error inputis provided. Ex- 
ternal circuitry must be used to determine the 
duration between address strobe and data 
transfer acknowledge before issuing a bus error 
signal. When a bus error signal is received, the 
processor has two options: initiate a bus error 
exception sequence or try running the bus cycle 
again. 
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BG ASSERTED AND BUS THREE STATED 


BR VAUD INTERNAL BUS RELEASED FROM THREE STATE AND 
PROCESSOR STARTS NEXT BUS CYCLE 
BR SAMPLED 


BR ASSERTED | BGACK NEGATED | 


So $2 S4 S6 


~ai———. PROCESSOR oe BUS INACTIVE ee ALTERNATE BUS MASTER ean PROCESSOR —p 


Figure 23. Bus Arbitration Timing Diagram—Bus Inactive 
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BUS 3-STATED 
BG ASSERTED 


BR VALID INTERNAL 
BR SAMPLED 
r ASSERTED 


So S2 


BUS RELEASED FROM THREE STATE AND 
PROCESSOR STARTS NEXT BUS CYCLE 


BGACK NEGATED INTERNAL 
BGACK SAMPLED 
BRACK NEGATED | | 


~———————. PROCESSOR i ALTERNATE BUS MASTER ee ee PROCESSOR ———_> 


Figure 24. Bus Arbitration Timing Diagram—Special Case 


Bus Error Operation — When the bus error 
signalis asserted, the current bus cycle is termi- 
nated. If BERR is asserted before the falling 
edge of S2, AS will be negated in S7 in either a 
read or write cycle. As long as BERR remains 
asserted, the data and address buses will be in 
the high-impedance state. When BERR is ne- 
gated, the processor will begin stacking for ex- 
ception processing. Figure 25 is a timing dia- 
gram for the exception sequence. The se- 
quence is composed of the following elements: 


1. stacking the program counter and status reg- 
ister, 


2. stacking the error information, 
3. reading the bus error vector table entry, and 


4. executing the bus error handler routine. 


The stacking of the program counter and the 
status register is the same as if an interrupt had 
occurred. Several additional items are stacked 
when a bus error occurs. These items are used 
to determine the nature of the error and correct 
it, if possible. The bus error vector is vector 
number two located at address $000008. The 
processor loads the new program counter from 
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this location. A software bus error handler rou- 
tine is then executed by the processor. Refer to 
Exception Processing for additional informa- 
tion. 


Re-Run Operation — When, during a bus 
cycle, the processor receives a bus error signal 
and the halt pin is being driven by an external 
device, the processor enters the re-run se- 
quence. Figure 26 is a timing diagram for 
re-running the bus cycle. 


The processor terminates the bus cycle, then 
puts the address and data output lines in the 
high-impedance state. The processor remains 
“halted”, and will not run another bus cycle until 
the halt signal is removed by external logic. 
Then the processor will re-run the previous 
cycle using the same function codes, the same 
data (for a write operation), and the same con- 
trols. The bus error signal should be removed at 
least one clock cycle before the halt signal is re- 
moved. 


NOTE 


The processor will not re-run a 
read-modify-write cycle. This restriction is 
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made to guarantee that the entire cycle runs 
correctly and that the write operation of a 
test-and-set operation is performed without 
ever releasing AS, if BERR and HALT are as- 
serted during a read-modify-write bus cycle, a 
bus error operation results. 


Halt Operation — The halt input signal to the 
68000 performs a halt/run/single-step function 
in a similar fashion to the synchronous device 
halt function. The halt and run modes are some- 
what self-explanatory in that when the halt sig- 
nal is constantly active the processor “halts” 
(does nothing) and when the halt signal is con- 
stantly inactive the processor “runs” (does 
something). 


This single-step mode is derived from correctly 
timed transitions on the halt signal input. It 
forces the processor to execute a single bus 
cycle by entering the run mode until the proces- 
sor starts a bus cycle then changing to the halt 
mode. thus, the single-step mode allows the 
user to proceed through (and therefore debut) 
processor operations one bus cycle ata time. 
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Figure 25. Bus Error Timing Diagram 
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Figure 26. Re-Run Bus Cycle Timing Diagram 
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Figure 27 details the timing required for correct 
single-step operations. Some care must be ex- 
ercised to avoid harmful interactions between 
the bus error signal and the halt pin when using 
the single-cycle mode as a debugging tool. This 
is also true of interactions between the halt and 
reset lines since these can reset the machine. 


When the processor completes a bus cycle af- 
ter recognizing that the halt signal is active, 
most 3-State signals are put in the high- 
impedance state, these include: 


1. address lines, and 

2. data lines. 

This is required for correct performance of the 
re-run bus cycle operation. 


While the processor is honoring the halt re- 
quest, bus arbitration performs-as usual. 


Thatis, halting has no effect on bus arbitration. 
Itis the bus arbitration function that removes the 
control signals from the bus. 


The halt function and the hardware trace capa- 
bility allow the hardware debugger to trace 
single bus cycles or single instructions ata time. 
These processor capabilities, along with a soft- 
ware debugging package, give total debugging 
flexibility. 


Double Bus Faults — When a bus error excep- 
tion occurs, the processor will attempt to stack 
several words containing information about the 
state of the machine. Ifa bus error exception oc- 
curs during the stacking operation, there have 
been two bus errors in a row. This is commonly 
referred to as a double bus fault. When a double 
bus fault occurs, the processor will halt. Once a 
bus error exception has occurred, any bus error 


exception occurring before the execution of the 
next instruction constitutes a double bus fault. 


Note that a bus cycle which is re-run does not 
constitute a bus error exception and does not 
contribute to a double bus fault. Note also that 
this means that as long as the external hard- 
ware requests it, the processor will continue to 
re-run the same bus cycle. 


The bus error pin also has an effect on proces- 
sor operation after the processor receives an 
external reset input. The processor reads the 
vector table after a reset to determine the ad- 
dress to start program execution. If a bus error 
occurs while reading the vector table (or at any 
time before the firstinstruction is executed), the 
processor reacts as if a double bus fault has oc- 
curred and it halts. Only an external reset will 
start a halted processor. 


ae READ a HALT ne READ nl 


Figure 27. Halt Processor Timing Diagram 
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Reset Operation 

The reset signal is a bidirectional signal that al- 
lows either the processor or an external signal 
to reset the system. Figure 28 is a timing dia- 
gram for the reset operation. Both the halt and 
reset lines must be asserted to ensure total re- 
set of the processor. 


When the reset and halt lines are driven by an 
external device, it is recognized as an entire 
system reset, including the processor. The pro- 
cessor responds by reading the reset vector 
table entry (vector number zero, address 


CLK 


PLUS 5 VOLTS 


~<— 


BUS CYCLES 


NOTES: 


1) Internal start-up time 
2)SSP high read in here 
3) SSP low read in here 
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$000000) and loads it into the supervisor stack 
pointer (SSP). Vector table entry number one at 
address $000004 is read next and loaded into 
the program counter. The processor initializes 
the status register to an interrupt level of seven. 
No other registers are affected by the reset se- 
quence. 


When a reset instruction is executed, the pro- 
cessor drives the reset pin for 124 clock peri- 
ods. In this case, the processor is trying to reset 
the rest of the system. Therefore, there is no ef- 


t> 100 MILLISECONDS —— >| 


fect on the internal state of the processor. All of 
the processor's internal registers and the status 
register are unaffected by the execution of a re- 
set instruction. All external devices connected 
to the reset line will be reset at the completion of 
the reset instruction. 


Asserting the reset and halt lines for ten clock 
cycles will cause a processor reset, except 
when V¢¢ is initially applied to the processor. In 
this case, an external reset must be at least 
100ms. 


a i a ae 


Bus state unknown: 


4) PC high read in here 
5) PC low read in here 
6) First instruction fetched here 


All control signals inactive 


Data bus in read mode: 


Figure 28. Reset Operation Timing Diagram 
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Table 16. DTACK, BERR, and HALT Assertion Results 


ASSERTED ON 
RISING 
EDGE OF STATE 


CONTROL 


SIGNAL RESULT 


Normal cycle terminate and 
continue. 


Normal cycle terminate and halt. 
Continue when HALT removed. 


Normal cycle terminate and halt. 
Continue when HALT removed. 


Terminate and take bus error trap. 


Terminate and re-run. 


Terminate and re-run when HALT 
removed. 


Terminate and re-run when HALT 
removed. 


S 
X 
X 
S 
X 
S) 
A 
NA 
S 
X 
S) 
NA 
X 
S 
A 
X 
S 
S 
X 
A 
S 


NOTES: 

N-the number of the current even bus state (e.g., S4, S6, etc.) 

A-signal is asserted in this bus state 

NA-signal is not asserted in this state 

X—don't care 

S—signal was asserted in previous state and remains asserted in this state 


Table 17. BERR and HALT Negation Results 


NEGATED ON 
RISING EDGE 
OF STATE 


CONDITIONS OF 
TERMINATION 


CONTROL 
SIGNAL 


RESULTS—NEXT CYCLE 


Illegal sequence; usually 
traps to vector number 0. 
Noein If next cycle is started it will 
none _ | be terminated as a bus error. 


NOTE: 
@ = Signal is negated in this bus state. 


t 


: 


s 


a 


A 


a 
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The Relationship of DTACK, 
BERR, and HALT 


In order to properly control termination of a bus 
cycle for a re-run or a bus error condition, 
DTACK, BERR, and HALT should be asserted 
and negated on the rising edge of the 68000 
clock. This will assure that when two signals 
are asserted simultaneously, the required set- 
up time (#47) for both of them will be met dur- 
ing the same bus state. 


This, or some equivalent precaution, should 
be designed external to the 68000. Parameter 
#48 (see AC Electrical Characteristics for # 
references) is intended to ensure this opera- 
tion in a totally asynchronous system, and 
may be ignored if the above conditions are 
met. 


The preferred bus cycle terminations may be 

summarizedas follows (case numbers refer to 

Table 16): 

Normal Termination: 
DTACK occurs first (Case 1). 

Halt Termination: 
HALT is asserted at the same time or be- 
fore DTACK and BERR remains negated 
(Cases 2 and 3): 

Bus Error Termination: 
BERR is asserted in lieu of, at the same 
time, or before DTACK (Case 4); BERR 
is negated at the same time or after 
DTACK. 

Re-Run Termination: 
HALT and BERR are asserted in lieu of, 
at the same time, or before DTACK 
(Cases 6 and 7); HALT must be held at 
least one cycle after BERR. Case 5 indi- 
cates BERR may precede HALT. 


Table 16 details the resulting bus cycle termi- 
nation under various combinations of control 
signal sequences. The negation of these 
same control signals under several conditiqns 
is shown in Table 17 (DTACKis assumed to be 
negated normally in all cases; for best results, 
both DTACK and BERR should be negated 
when address strobe is negated). 


Example A: 

A system uses a watch-dog timer to terminate 
accesses to unpopulated address space. The 
timer asserts DTACK and BERR simulta- 
neously after time out (Case 4). 


Example B: 

A system uses error detection on RAM con- 
tents. Designer may (a) delay DTACK until 
data verified and return BERR and HATT si- 
multaneously to re-run error cycle (Case 6), or 
if valid, return DTACK (Case 1); (b) delay 
DTACK until data verified and return BERR at 
same time as DTACK if data in error (Case 4). 
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Asynchronous Versus 
Synchronous Operation 


Asynchronous Operation 

To achieve clock frequency independence ata 
system level, the 68000 can be used in an 
asynchronous manner. This entails using only 
the bus handshake lines (AS, UDS, LDS, 
DTACK, BERR, HALT, and VPA) to control this 
data transfer. Using this method, AS signals the 
start of a bus cycle and the data strobes are 
used as a condition for valid data on a write 
cycle. The slave device (memory or peripheral) 
then responds by placing the requested data on 
the data bus for a read cycle or latching data on 
awrite cycle and asserting the data transfer ac- 
knowledge signal (DTACK) to terminate the bus 
cycle. If no slave responds or the access is in- 
valid, external control logic asserts the BERR, 
or BERR and HALT signal to abort or rerun the 
bus cycle. 


The DTACK signal is allowed to be asserted be- 
fore the data from a slave device is valid ona 
read cycle. the length of time that DTACK may 
precede data is given as parameter #31 and it 
must be met in any asynchronous system to in- 
sure that valid data is latched into the processor. 
Notice that there is no maximum time specified 
from the assertion of AS to the assertion of 
DTACK. This is because the MPU will insert 
wait cycles of one clock period each until 
DTACK is recognized. 


Synchronous Operation 

To allow for those systems which use the sys- 
tem clock as a signal to generate DTACK and 
other asynchronous inputs, the asynchronous 
input setup time is given as parameter #47. If 
this setup is met on an input, such as DTACK, 
the processor is guaranteed to recognize that 
signal on the next falling edge of the system 
clock. However, the converse is not true—if the 
input signal does not meet the setup time it is 
not guaranteed not to be recognized. In addi- 
tion, if DTACK is recognized on a falling edge, 
valid data will be latched into the processor (on 
a read cycle) on the next falling edge provided 
that the data meets the setup time given as pa- 
rameter #27. Given this, parameter #31 may be 
ignored. Note that if DTACK is asserted, with 
the required setup time, before the falling edge 
of S4, no wait states will be incurred andthe bus 
cycle will run at its maximum speed of four clock 
periods. 


NOTE: During an active bus cycle, VPA and 
BERR is sampled on every falling edge of the 
clock starting with S2. DTACK is sampled on 
every falling edge of the clock starting with S4 
and data is latched on the falling edge of S6 dur- 
ing aread. The bus cycle will then be terminated 
in S7 except when BERR is asserted in the ab- 
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sence of DTACK, in which case it will terminate 
one clock cycle later in S9. VPA is sampled only 
on the third falling edge of the system clock be- 
fore the rising edge of the E clock. 


PROCESSING STATES 

This section describes the actions of the 68000 
which are outside the normal processing asso- 
ciated with the execution of instructions. The 
functions of the bits in the supervisor portion of 
the status register are covered; the supervisor/ 
user bit, the trace enable bit, and the processor 
interrupt priority mask. Finally, the sequence of 
memory references and actions taken by the 
processor on exception conditions are detailed. 


The 68000 is always in one of three processing 
states: normal, exception, or halted. The nor- 
mal processing state is that associated with in- 
struction execution; the memory references are 
to fetch instructions and operands, and to store 
results. A special case of the normal state is the 
stopped state which the processor enters when 
a stop instruction is executed. In this state, no 
further references are made. 


The exception processing state is associated 
with interrupts, trap instructions, tracing, and 
other exceptional conditions. The exception 
may be internally generated by an instruction or 
by an unusual condition arising during the ex- 
ecution of an instruction. Externally, exception 
processing can be forced by an interrupt, by a 
bus error, or by areset. Exception processing is 
designed to provide an efficient context switch 
so that the processor may handle unusual con- 
ditions. 


The halted processing state is an indication of 
catastrophic hardware failure. For example, if 
during the exception processing of a bus error 
another bus error occurs, the processor as- 
sumes that the system is unusable and halts. 
Only an external reset can restart a halted pro- 
cessor. Note that a processor in the stopped 
state is notin the halted state, nor vice versa. 


Privilege States 

The processor operates in one of two states of 
privilege: the “supervisor” state or the “user” 
state. The privilege state determines which op- 
erations are legal, are used to choose between 
the supervisor stack pointer and the user stack 
pointer in instruction references, and may be 
used by an external memory management de- 
vice to control and translate accesses. 


The privilege state is amechanism for providing 
security in a computer system, Programs 
should access only their own code and data 
areas, and ought to be restricted from access- 
ing information which they do not need and 
must not modify. 
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The privilege mechanism provides security by 
allowing most programs to execute in user 
state. in this state, the accesses are controlled, 
and the effects on other parts of the system are 
limited. The operating system executes in the 
supervisor state, has access to all resources, 
and performs the overhead tasks for the user 


State programs. 


Supervisor State 

The supervisor state is the higher state of privi- 
lege. For instruction execution, the supervisor 
state is determined by the S bit of the status reg- 
ister; if the S bitis asserted (high), the processor 
is in the supervisor state. All instructions can be 
executed in the supervisor state. The bus 
cycles generated by instructions executed in 
the supervisor state are classified as supervisor 
references. While the processor is in the super- 
visor privilege state, those instructions which 
use either the system stack pointer implicitly or 
address register seven explicitly access the su- 
pervisor stack pointer. 


All exception processing is done in the supervi- 
sor state, regardless of the setting of the S bit. 
The bus cycles generated during exception pro- 
cessing areclassifiedas supervisor references. 
All stacking operations during exception pro- 
cessing use the supervisor stack pointer. 


User State 

The user state is the lower state of privilege. For 
instruction execution, the user state is deter- 
mined by the S bit of the status register; if the S 
bit is negated (low), the processor is executing 
instructions in the user state. 


Most instructions execute the same in user 
state as in the supervisor state. However, some 
instructions which have important system ef- 
fects are made privileged. User programs are 
not permitted to execute the stop instruction or 
the reset instruction. To ensure that a user pro- 
gram cannot enter the supervisor state except 
in a controlled manner, the instructions which 
modify the whole state register are privileged. 
To aid in debugging programs which are to be 
used as operating systems, the move to user 
stack pointer (MOVE to USP) and move from 
user stack pointer (MOVE from USP) instruc- 
tions are also privileged. 


The bus cycles generated by an instruction ex- 
ecuted in the user state are classified as user 
state references. This allows an external 
memory management device to translate the 
address and to control access to protected por- 
tions of the address space. While the processor 
is in the user privilege state, those instructions 
which use either the system stack pointer im- 
plicitly or address register seven explicitly, ac- 
cess the user stack pointer. 


Signetics Military Customer Specific Products 


Product Specification 


16-/32-Bit Microprocessor 


68000 


Table 18. Bus Cycle Classification 


FUNCTION CODE OUTPUT 


REFERENCE CLASS 


a 

a 
a 
a 
a 
CC 
a PS a ON 
a (STE A 
ee ak ee CT 


NEW PROGRAM COUNTER (HIGH) A0=0.A1=0 


AO =0.A12=1 


NEW PROGRAM COUNTER (LOW) 


Figure 29. Format of Vector Table Entries 


D15 Ds 07 DO 
Where: 

V7 is the MSB of the vector number. 

V8 is the LSB of the vector number. 


Figure 30. Vector Number Format 


A23 A10 AO 


Figure 31. Exception Vector Address Calculation 
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Privilege State Changes 

Once the processoris in the user state and ex- 
ecuting instructions, only exceptional pro- 
cessing can change the privilege state. During 
exception processing, the current setting of 
the S bit of the status register is saved and the 
S bit is asserted, putting the processor in the 
supervisor state. Therefore, when instruction 
execution resumes at the address specified to 
process the exception, the processor is in the 
supervisor privilege state. 


Reference Classification 

When the processor makes a reference, it 
classifies the kind of reference being made, 
the encoding on the three function code output 
lines. This allows external translation of ad- 
dresses, control of access, and differentiation 
of special processor state, such as interrupt ac- 
knowledge. Table 18 lists the classification of 
references. 


Exception Processing 

Before discussing the details of interrupts, 
traps, and tracing, a general description of ex- 
ception processing is in order. The processing 
of an exception occurs in four steps, with varia- 
tions for different exception causes. During the 
first step, a temporary copy of the status regis- 
ter is made and the status register is set for ex- 
ception processing. In the second step the ex- 
ception vector is determined and the third step 
is the saving of the current processor context. In 
the fourth step a new context is obtained and 
the processor switches to __ instruction 
processing. 


Exception Vectors 

Exception vectors are memory locations from 
which the processor fetches the address of a 
routine which will handle that exception. All ex- 
ception vectors are two words in length (Figure 
29), except for the reset vector which is four 
words. All exception vectors lie in the supervi- 
sor data space, except for the reset vector 
which is in the supervisor program space. A 
vector number is an 8—bit number which, when 
multiplied by four, gives the address of an ex- 
ception vector. Vector numbers are generated 
internally or externally, depending on the cause 
of the exception. In the case of interrupts, dur- 
ing the interrupt acknowledge bus cycle, a pe- 
ripheral provides an 8—bit vector number (Fig- 
ure 30) to the processor on data bus lines DO 
through D7. The processor translates the vec- 
tor number into a full 24—bit address, shown in 
Figure 31. The memory layout for exception 
vectors is given in Table 19. 
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Table 19. Exception Vector Table 


VECTOR 
NUMBER(S) 


NOTE: 


ADDRESS 


i 


Space 


008 


8 
ve) 


0 


028 
02 


° 
£ 


03C 
04 
O5F 


QO 


068 


& 
o) 


070 
074 
078 
07 

080 
OBF 
0 
OFF 


Oo 
OQ 


3FF 


ments by Signetics. No user peripheral devices should be assigned these numbers. 


As shown in Table19, the memory layout is 512 
words long (1024 bytes). It starts at address 0 
and proceeds through address 1023. This pro- 
vides 255 unique vectors; some of these are re- 
served for TRAPs and other system functions. 
Of the 255, there are 192 reserved for user in- 
terrupt vectors. However, there is no protection 
on the first 64 entries, so user interrupt vectors 
may overlap at the discretion of the systems de- 
signer. 


July 25, 1986 


Kinds of Exceptions 

Exceptions can be generated by either internal 
or external causes. The externally generated 
exceptions are the interrupts and the bus error 
and reset requests. The interrupts are requests 
from peripheral devices for processor action 
while the bus error and resetinterrupts are used 
for access control and processor restart. The in- 
ternally generated exceptions come from in- 
structions, or from address errors or tracing. 
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ASSIGNMENT 


SD 
eee 
SD 
80 
80 
oe 
ee ee | 
eee 


* Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhance- 


The trap (TRAP), trap on overflow (TRAPV), 
check data register against upper bounds 
(CHK), and divide (DIV) instructions all can 
generate exceptions as part of their instruction 
execution. In addition, illegal instructions, word 
fetches from odd addresses, and privilege vio- 
lations cause exceptions. Tracing behaves like 
a very high-priority internally—generated inter- 
rupt after each instruction execution. 
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STATUS REGISTER 


PROGRAM COUNTER 


HIGHER 
ADDRESSES 


Figure 32. Exception Stack Order (Groups 1 and 2) 


Table 20. Exception Grouping and Priority 


Reset 
address error 
bus error 


Trace 
interrupt 
illegal 

privilege 
TRAP, TRAPV, 


CHK, 
zero divide 


Exception Processing Sequence 

Exception processing occurs in four identifiable 
steps. In the first step, an internal copy is made 
ofthe status register. After the copy is made, the 
S bit is asserted, putting the processor into the 
supervisor privilege state. Also, the T bit is ne- 
gated which will allow the exception handler to 
execute unhindered by tracing. For the reset 
and interrupt exceptions, the interrupt priority 
mask is also updated. 


In the second step, the vector number of the ex- 
ception is determined. For interrupts, the vector 
number is obtained by a processor fetch and 
classified as an interrupt acknowledge. For all 
other exceptions, internal logic provides the 
vector number. This vector number is then used 
to generate the address of the exception vector. 


The third step is to save the current processor 
status, except for the reset exception. The cur- 
rent program counter value and the saved copy 
of the status register are stacked using the su- 
pervisor stack pointer as shown in Figure 32. 
The program counter value stacked usually 
points to the next unexecuted instruction; how- 
ever, for bus error and address error, the value 
stacked for the program counter is unpredict- 
able, and may be incremented from the address 
of the instruction which caused the error. Addi- 
tional information defining the current contextis 
stacked for the bus error and address error ex- 
ceptions. 


The last step is the same for all exceptions. The 
new program counter value is fetched from the 
exception vector. The processor then resumes 
instruction execution. The instruction at the ad- 
dress given in the exception vector is fetched, 
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| GROUP EXCEPTION PROCESSING 


Exception processing begins 
within two clock cycles 


Exception processing begins 
before the next instruction 


Exception processing is 
started by normal instruction 
execution 


and normal instruction decoding and execution 
is started. 


Multiple Exceptions 

These paragraphs describe the processing 
which occurs when multiple exceptions arise si- 
multaneously. Exceptions can be grouped ac- 
cording to their occurrence and priority. The 
Group 0 exceptions are reset, bus error, and ad- 
dress error. These exceptions cause the in- 
struction currently being executed to be aborted 
and the exception processing to commence 
within two clock cycles. 


The Group 1 exceptions are trace andinterrupt, 
as well as the privilege violations and illegal in- 
structions. These exceptions allow the current 
instruction to execute to completion, but pre— 
empt the execution of the next instruction by 
forcing exception processing to occur (privilege 
violations and illegal instructions are detected 
when they are the next instruction to be ex- 
ecuted). The Group 2 exceptions occur as part 
of the normal processing of instructions. The 
TRAP, TRAPV, CHK, and zero divide excep- 
tions are in this group. For these exceptions, the 
normal execution of an instruction may lead to 
exception processing. 


Group 0 exceptions have highest priority, while 
Group 2 exceptions have lowest priority. Within 
Group 0, reset has highest priority, followed by 
bus error and then address error. Within Group 
1, trace has priority over external interrupts, 
which in turn takes priority over illegal instruc- 
tion and privilege violation. Since only one in- 
struction can be executed at a time, there is no 
priority relation within Group 2. 
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The priority relation between two exceptions 
determines which is taken, or taken first, if the 
conditions for both arise simultaneously. 
Therefore, if a bus error occurs during a TRAP 
instruction, the bus error takes precedence, 
and the TRAP instruction processing is 
aborted. In another example, if an interrupt re- 
quest occurs during the execution of an in- 
struction while the T bit is asserted, the trace 
exception has priority, and is processed first. 
Before instruction processing resumes, how- 
ever, the interrupt exception is also pro- 
cessed, and instruction processing com- 
mences finally in the interrupt handler routine. 
A summary of exception grouping and priority © 
is given in Table 20. 


Exception Processing Detailed 
Discussion 


Exceptions have a number of sources and 
each exception has processing which is pecul- 
iar to it. The following paragraphs detail the 
sources of exceptions, how each arises, and 
how each is processed. 


Reset 

The reset input provides the highest exception 
level. The processing of the reset signal is de- 
signed for system initiation and recovery from 
catastrophic failure. Any processing in progress 
at the time of the reset is aborted and cannot be 
recovered. The processor is forced into the su- 
pervisor state and the trace state is forced off. 
The processor interrupt priority mask is set at 
level seven. The vector number is internally 
generated to reference the reset exception vec- 
tor at location 0 in the supervisor program 
space. Because no assumptions can be made 
aboutthe validity of register contents, in particu- 
lar the supervisor stack pointer, neither the pro- 
gram counter nor the status register is saved. 
The address contained in the first two words of 
the reset exception vector is fetched as the ini- 
tial supervisor stack pointer, and the address in 
the last two words of the reset exception vector 
is fetched as the initial program counter. Finally, 
instruction execution is started at the address in 
the program counter. The power-—up/restart 
code should be pointed to by the initial program 
counter. 


The reset instruction does not cause loading of 
the reset vector, but does assert the reset line to 
reset external devices. This allows the software 
to reset the system to a known state and then 
continue processing with the next instruction. 


Interrupts 

Seven levels of interrupt priorities are provided. 
Devices may be chained externally within inter- 
rupt priority levels, allowing an unlimited num- 
ber of peripheral devices to interrupt the 
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processor. Interrupt priority levels are num- 
bered from one to seven, with level seven being 
the highest priority. the status register contains 
a 3-bit mask which indicates the current pro- 
cessor priority, and interrupts are inhibited for all 
priority levels less than or equal to the current 
processor priority. 


Aninterrupt requestis made to the processor by 
encoding the interruptrequest level on the inter- 
rupt request lines; a zero indicates no interrupt 
request. Interrupt requests arriving at the pro- 
cessor do not force immediate exception pro- 
cessing, but are made pending. Pending inter- 
rupts are detected between instruction execu- 
tions. If the priority of the pending interrupt is 
lower than or equal to the current processor 
priority, execution continues with the next in- 
struction and the interrupt exception processing 
is postponed. (The recognition of level seven is 
slightly different, as explained in the following 
paragraph.) 


If the priority of the pending interrupt is greater 
than the current processor priority, the excep- 
tion processing sequence is started. A copy of 
the status register is saved, the privilege state is 
sent to the supervisor stack, tracing is sup- 
pressed, and the processor priority level is set 
to the level of the interrupt acknowledged. The 
processor fetches the vector number from the 
interrupting device, classifying the reference as 
an interrupt acknowledge and displaying the 
level number of the interrupt being acknowl- 
edged on the address bus. If external logic re- 
quests an automatic vectoring, the processor 
internally generates a vector number which is 
determined by the interrupt level number. If ex- 
ternal logic indicates a bus error, the interrupt is 
taken to be spurious, and the generated vector 
number references the spurious interrupt vec- 
tor. The processor then proceeds with the usual 
exception processing, saving the program 
counter and status register on the supervisor 
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stack. The saved value of the program counter 
is the address of the instruction which would 
have been executed had the interrupt not been 
present. The content of the interrupt vector 
whose vector number was previously obtained 
is fetched and loaded into the program counter, 
and normal instruction execution commences 
in the interrupt handling routine. A flowchart for 
the interrupt acknowledge sequence is given in 
Figure 33, a timing diagram is given in Figure 
34, and the interrupt processing sequence is 
shown in Figure 35. 


Priority level seven is a special case. Level 
seven interrupts cannot be inhibited by the in- 
terrupt priority mask, thus providing a “non—- 
maskable interrupt” capability. An interrupt is 
generated each time the interrupt request level 
changes from some lower level to level seven. 
Note that a level seven interrupt may still be 
caused by the level comparison if the request 
level is a seven and the processor priority is set 
to a lower level by an instruction. 


Uninitialized Interrupt 

An interrupt device asserts VPA or provides an 
interrupt during an interrupt acknowledge cycle 
to the 68000. If the vector register has not been 
initialized, the responding 68000 family periph- 
eral will provide vector 15, the uninitialized inter- 
rupt vector. This provides a uniform way to re- 
cover from a programming error. 


Spurious Interrupt 

If during the interrupt acknowledge cycle no de- 
vice responds by asserting DTACK or VPA, the 
bus error line should be asserted to terminate 
the vector acquisition. The processor separates 
the processing of this error from bus error by 
fetching the spurious interrupt vector instead of 
the bus error vector. The processor then pro- 
ceeds with the usual exception processing. 
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Instruction Traps 

Traps are exceptions caused by instructions. 
They arise either from processor recognition of 
abnormal conditions during instruction execu- 
tion, or from use of instructions whose normal 
behavior is trapping. 


Some instructions are used specifically to gen- 
erate traps. The TRAP instruction always 
forces an exception andis useful for implement- 
ing system calls for user programs. The TRAPV 
and CHK instructions force an exception if the 
user program detects a runtime error, which 
may be an arithmetic overflow ora subscript out 
of bounds. 


The signed divide (DIVS) and unsigned (DIVU) 
instructions will force an exception if a division 
operation is attempted with a divisor of zero. 


lilegal and Unimplemented Instructions 
“lIlegal instruction” is the term used to refer to 
any of the word bit patterns which are not the bit 
pattern of the first word of a legal instruction. 
During instruction execution, if such an instruc- 
tion is fetched, an illegal instruction exception 
occurs. Signetics reserves the right to define in- 
structions whose opcodes may be any of the il- 
legal instructions. Three bit patterns will always 
force an illegal instruction trap on all 68000 fam- 
ily compatible microprocessors. They are: 
4AFA, 4AFB, and 4AFC. Two of the patterns, 
4AFA and 4AFB, are reserved forSignetics sys- 
tems products. The third pattern, 4AFC, is re- 
served for customer use. 


Word patterns with bits 15 through 12 equaling 
1010 or 1111 are distinguished as unimplem- 
ented instructions and separate exception vec- 
tors are given to these patterns to permit effi- 
cient emulation. This facility allows the operat- 
ing system to detect program errors, or to emu- 
late unimplemented instructions in software. 
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PROCESSOR INTERRUPTING DEVICE 


GRANT THE INTERRUPT REQUEST THE INTERRUPT 


1) COMPARE INTERRUPT LEVEL IN STATUS 
REGISTERS AND WAIT FOR CURRENT 
INSTRUCTION TO COMPLETE 

2) PLACE INTERRUPT LEVEL ON Aj, A2, A3 

3) SET FUNCTION CODE TO INTERRUPT 
ACKNOWLEDGE 

4) ASSERT ADDRESS STROBE (AS) 


5) ASSERT DATA STROBES (UDS* AND LDS) PROVIDE THE VECTOR NUMBER 


1) PLACE VECTOR NUMBER ON DO-D7 
2) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACR) 


ACQUIRE THE VECTOR NUMBER 


1) LATCH VECTOR NUMBER 
2) NEGATE UDS AND LDS 
3) NEGATE AS 


RELEASE 


1) NEGATE DTACK 
START NEXT CYCLE 
NOTE: 


* Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception The processor does not recognize anything on 
data lines D8 through D15 at this time. 


Figure 33. Vector Acquisition Flowchart 


LAST BUS CYCLE OF INSTRUCTION IACK CYCLE STACK AND 
ECTOR NUMBER ACQUISITION) 


(READ OR WRITE) (V VECTOR FETCH 


NOTE: 


. Although a vector number is one byte, both data strobes are asserted due to the microcode used for excaption processing. The processor does not recognize anything on 
data lines D8 through D15 at this time. 


Figure 34. Interrupt Acknowledge Cycle Timing Diagram 
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LAST BUS CYCLE 
OF INSTRUCTION 
(DURING WHICH 
INTERRUPT WAS 
RECOGNIZED) 


IACK 
CYCLE 


STACK 
FORMAT/OFFSET 
WORD 
(AT SSP-2) 


(VECTOR NUMBER 
ACQUISITION) 


STACK 


P 
(AT SSP-4) 


(A16-A23) 


NOTE: 
SSP refers to the value of the supervisor stack pointer before the interrupt occurs. 


Privilege Violations 

In order to provide system security, various in- 
structions are privileged. An attempt to execute 
one of the privileged instructions while in the 
user state will cause an exception. The privi- 
leged instructions are: 


STOP AND Immediate to SR 
RESET EOR Immediate to SR 
RTE OR Immediate to SR 
MOVE to SR MOVE to USP 
Tracing 


To aid in program development, the 68000 in- 
cludes a facility to allow instruction—by—instruc- 
tion tracing. In the trace state, after each in- 
struction is executed an exception is forced, al- 
lowing a debugging program to monitor the ex- 
ecution of the program under test. 


The trace facility uses the T butin the supervisor 
portion of the status register. If the T bit is ne- 
gated (off), tracing is disabled, and instruction 
execution proceeds from instruction to instruc- 
tion as normal. If the T bitis asserted (on) at the 
beginning of the execution of an instruction, a 
trace exception will be generated after the ex- 
ecution of thatinstruction is completed. If the in- 
struction is not executed, either because an in- 
terrupt is taken, or the instruction is illegal or 
privileged, the trace exception does not occur. 
The trace exception also does not occur if the 
instruction is aborted by a reset, bus error, or 
address error exception. If the instruction is in- 
deed executed and an interrupt is pending on 
completion, the trace exception is processed 
before the interrupt exception. If, during the ex- 
ecution of the instruction an exception is forced 


July 25, 1986 


Figure 35. Interrupt Processing Sequence 


by that instruction, the forced exception is pro- 
cessed before the trace exception. 


As an extreme illustration of the above rules, 
consider the arrival of an interrupt during the ex- 
ecution of a TRAP instruction while tracing is 
enabled. First the trap exception is processed, 
then the trace exception, and finally the inter- 
rupt exception. Instruction execution resumes 
in the interrupt handler routine. 


Bus Error 

Bus error exceptions occur when the external 
logic requests that a bus error be processed by 
an exception. The current bus cycle which the 
processor is making is then aborted. Whether 
the processor was doing instruction or excep- 
tion processing, that processing is terminated, 
and the processor immediately begins excep- 
tion processing. 


Exception processing for the bus error follows 
the usual sequence of steps. The status regis- 
ter is copied, the supervisor state is entered, 
and the trace state is turned off. The vector 
number is generated to refer to the bus error 
vector. Since the processor was not between in- 
structions when the bus errorexception request 
was made, the context of the processor is more 
detailed. To save more of this context, addition- 
al information is saved on the supervisor stack. 
The program counter and the copy of the status 
register are of course saved. The value saved 
for the program counter is advanced by some 
amount, one to five words beyond the address 
of the first word of the instruction which made 
the reference causing the bus error. If the bus 
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STATUS 
(AT SSP-3 


FETCH FARST TWO 
INSTRUCTION WORDS 
OF INTERRUPT 
ROUTINE 


error occurred during the fetch of the next in- 
struction, the saved program counter has a val- 
ue in the vicinity of the current instruction, even 
if the current instruction is a branch, ajump, ora 
return instruction. Besides the usual informa- 
tion, the processor saves its internal copy of the 
first word of the instruction being processed and 
the address which was being accessed by the 
aborted bus cycle. Specific information about 
the access is also saved: whether it was a read 
or awrite, whether or not the processor was pro- 
cessing an instruction, and the classification 
displayed on the function code outputs when 
the bus error occurred. The processor is pro- 
cessing an instruction if it is in the normal state 
or processing a Group 2 exception; the proces- 
sor is not processing an instruction if it is pro- 
cessing a Group 0 or a Group 1 exception. Fig- 
ure 36 illustrates how this information is orga- 
nized on the supervisor stack. Although this in- 
formation is not sufficient in general to effect full 
recovery from the bus error, it does allow soft- 
ware diagnosis. Finally, the processor com- 
mences instruction processing at the address 
containedin vector number two. Itis the respon- 
sibility of the error handler routine to clean up 
the stack and determine where to continue ex- 
ecution. 


lf a bus error occurs during the exception pro- 
cessing for a bus error, address error, or reset, 
the processor is halted and all processing 
ceases. This simplifies the detection of cata- 
strophic system failure, since the processor re- 
moves itself from the system rather than de- 
stroy any memory contents. Only the RESET 
pin can restart a halted processor. 
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INSTRUCTION REGISTER 
STATUS REGISTER 


—— PROGRAM COUNTER 


R/W (READWRITE); WRITE = 0, READ = 1. 1/N (INSTRUCTION/NOT); INSTRUCTION = 0, NOT = 1 


Address Error 

Address error exceptions occur when the pro- 
cessor attempts to access a word or along word 
operand or an instruction at an odd address. 
The effect is much like an internally generated 
bus error, so that the bus cycle is aborted and 
the processor ceases whatever processing itis 
currently doing and begins exception process- 
ing. After the exception processing com- 
mences, the sequence is the same as that for 


Figure 36 Exception Stack Order (Group 0) 


bus error including the information that is 
stacked, except that the vector number refers to 
the address error vector instead. Likewise, if an 
address error occurs during the exception pro- 
cessing for a bus error, address error, or reset, 
the processor is halted. As shown in figure 37, 
an address error will execute a short bus cycle 
followed by exception processing. 


INTERFACE WITH SYNCHRO- 
NOUS PERIPHERALS 


To interface the synchronous peripherals with 
the asynchronous 68000, the processor modi- 
fies its bus cycle to meet the synchronous cycle 
requirements whenever a synchronous device 
address is detected. This is possible since both 
processors use memory mapped I/O. Figure 38 
is a flowchart of the interface operation between 
the processor and synchronous devices. 


ADDRESS ERROR APPROX. 8 CLOCKS 
pn READ a WRITE pe a IDLE nia WRITE STACK es 


NOTE: 


*UDS and LDS are asserted on mask sets R9M, BF4, T6E, DL6, CC1, and GN7. 
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Figure 37. Address Error Timing Diagram 
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PROCESSOR 


INITIATE THE CYCLE 
1) THE PROCESSOR STARTS A NORMAL READ 
OR WRITE CYCLE 


SYNCHRONIZE WITH ENABLE 


1) THE PROCESSOR MONITORS ENABLE (E) 


UNTIL IT IS LOW (PHASE 1) 


2) THE PROCESSOR ASSERTS VALID 
(VMA) 


MEMORY ADDRESS 


TERMINATE THE CYCLE 


1) THE PROCESSOR NEGATES AS, UDS, LDS, 
AND DRIVES THE E CLOCK LOW (ON A 
READ CYCLE, THE DATA IS LATCHED AS 


E GOES LOW INTERNALLY) 


2) THE PROCESSOR NEGATES VMA 


START NEXT CYCLE 


Data Transfer Operation 

Three signals on the processor provide the syn- 
chronous interface. They are: enable (E), valid 
memory address (VMA), and valid peripheral 
address (VPA). Enable corresponds to the E or 
phase 2 signal in existing synchronous sys- 
tems. The bus frequency is one tenth of the in- 
coming 68000 clock frequency. The timing of E 
allows 1MHz peripherals to be used with 8MHz 
68000s. Enable has a60/40 duty cycle; thatis, it 
is low for six input clocks and high for four input 
clocks. This duty cycle allows the processor to 
do successive VPA accesses on successive E 
pulses. 


Synchronous cycle timing is given in figures 39, 
40, 48, and 49. At state zero (SO) in the cycle, 
the address bus is in the high-impedance state. 
A function code is asserted on the function code 
output lines. One-half clock later, in state 1, the 
address bus is released from the highimpe- 
dance state. 


During state 2, the address strobe (AS) is as- 
serted to indicate that there is a valid address on 
the address bus. If the bus cycle is aread cycle, 
the upper and/or lower data strobes are also as- 
serted in state 2. If the bus cycle is awrite cycle, 
the read/write (R/W) signal is switched to low 
(write) during state 2. One-half clock later, in 
State 3, the write data is placed on the data bus, 
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Figure 38. Synchronous Interfacing Flowchart 


andin state 4 the data strobes are issued to indi- 
cate valid data on the data bus. The processor 
now inserts wait states until it recognizes the 
assertion of VPA. 


The VPA input signals the processor that the 
address on the bus is the address of a synchro- 
nous device (or an area reserved for synchro- 
nous devices) and that the bus should conform 
to the phase 2 transfer characteristics of the 
synchronous bus. Valid peripheral address is 
derived by decoding the address bus, condi- 
tioned by the address strobe. Chip selectfor the 
synchronous peripherals should be derived by 
decoding the address bus conditioned by VMA. 


After recognition of VPA, the processor assures 
that the enable (E) is low, by waiting if neces- 
sary, and subsequently asserts VMA. Valid 
memory address is then used as partof the chip 
select equation of the peripheral. This ensures 
that the synchronous peripherals are selected 
and deselected at the correct time. The periph- 
eral now runs its cycle during the high portion of 
the E signal. Figures 39 and 40 depict the best 
and worst case synchronous cycle timing. This 
cycle length is dependent strictly on when VPA 
is asserted in relationship to the E clock. 


Ifwe assume that external circuitry asserts VPA 
as soon as possible after the assertion of AS, 


403 


then VPA will be recognized as being asserted 
on the falling edge of S4. In this case, no “extra” 
wait cycles will be inserted prior to the recogni- 
tion of VPA asserted and only the wait cycles in- 
serted to synchronize with the E clock will deter- 
mine the total length of the cycle. In any case, 
the synchronization delay will be some integral 
number of clock cycles within the following two 
extremes: 

1. Best Case — VPA is recognized as being as- 
serted on the falling edge three clock cycles 
before E rises (or three clock cycles after E 
falls). 


2. Worst Case — VPA is recognized as being 
assertedon the falling edge twoclock cycles 
before E rises (or four clock cycles after E 
falls). 


During a read cycle, the processor latches the 
peripheral data in state 6. For all cycles the pro- 
cessor negates the address and data strobes 
one-half clock cycle later in state 7 and the en- 
able signal goes low at this time. Another half 
clock later, the address bus is put in the high— 
impedance state. During a write cycle, the data 
bus is put in the high-impedance state and the 
read/write signal is switched high. The periph- 
eral logic must remove VPA within one clock af- 
ter the address strobe is negated. 
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rr ry A ar 
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Figure 39. 68000 to Synchronous Peripheral Timing — Best Case 


so S2 S44 W W W W W W W W W W W W W W W S6 SO 


roves {> 


2 RS EU ET BTR SSE SE TRS SAR RS RE tN A A RR RR RE EA RE RRR I A I A ESET 


DTACK 


DATA IN HS 
ey aL, en i oe 
7S 


Figure 39. 68000 to Synchronous Peripheral Timing — Worst Case 


DTACK should notbe asserted while VPA is as- 
serted. Notice that the 68000 VMA is active low, 
contrasted with ‘the active high synchronous 
VMA. This allows the processor to putits buses 
in the high+mpedance state on DMA requests 
without inadvertently selecting the peripherals. 


Interrupt Interface Operation 

During an interrupt cycle while the processor is 
fetching the vector, the VPA is asserted, the 
68000 will assert VMA and complete a normal 
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synchronous read cycle as shown in Figure 41. 
The processor will then use an internally gener- 
ated vector that is a function of the interrupt be- 
ing serviced. This process is known as autovec- 
toring. The seven autovectors are vector num- 
bers 25 through 31 (decimal). 


Autovectoring operates in the same fashion 
(but is not restricted to) the synchronous inter- 
rupt sequence. The basic difference is that 
there are six normal interrupt vectors and one 
NMI type vector. As with both the synchronous 
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and the 68000's normal vectored interrupt, the 
interrupt service routine can be located any- 
where in the address space. This is due to the 
fact that while the vector numbers are fixed, the 
contents of the vector table entries are as- 
signed by the user. 


Since VMA is asserted during autovectoring, 
care should be taken to insure the synchronous 
peripheral address decoding prevents unin- 
tended accesses. 
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So S2 S4 S86 SO S2 4% W W W W W W W W W W S6 SO S2 


NORMAL AUTOVECTOR OPERATION cane 
CYCLE 


*Although UDS and CDS are asserted, no data is read from the bus during the autovector cycle. The vector number is generated internally. 


NOTE 


Figure 41. Autovector Operation Timing Diagram 


INSTRUCTION SET AND 
EXECUTION TIMES 


Instruction Set 

The following paragraphs provide information 
about the addressing categories andinstruction 
set of the 68000. 


Addressing Categories 

Effective address modes may be categorized 
by the ways in which they may be used. The fol- 
lowing classifications will be usedin the instruc- 
tion definitions. 


These categories may be combined, so that ad- 
ditional, more restrictive, classifications may be 
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defined. For example, the instruction descrip- 
tions use such classifications as alterable 
memory or data alterable. The former refers to 
those addressing modes which are both alter- 
able and memory addresses, and the latter re- 
fers to addressing modes which are both data 
and alterable. 


Table 21 shows the various categories to which 
each of the effective address modes belong. 
Table 22 is the instruction set summary. 

Data If an effective address mode 
may be used to refer to data op- 
erands, it is considered a data 
addressing effective address 
mode. 
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Memory 


Alterable 


Control 


If an effective address mode 
may be used to refer to memory 
operands, it is considered a 
memory addressing effective 
address mode. 

If an effective address mode 
may be used to refer to alterable 
(writable) operands, it is consid- 
ered an alterable addressing ef- 
fective address mode. 

If an effective address mode 
may be used to refer to memory 
operands without an associated 
size, it is considered a control 
addressing effective address 
mode. 
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Table 21. Effective Addressing Mode Categories 


EFFECTIVE 
ADDRESSING CATEGORIES 
REGISTER 


ADDRESS 
MODES Data Alterable 


000 Register number 
An 001 Register number 
010 Register number 
011 Register number 
100 Register number 


Register number 
d(An, ix) Register number 
xxx.W 000 
xxx-L 001 


d(PC) 
d(PC, ix) 
#XXX 


010 
011 
100 


peop “lf 


Table 22. Instruction Set 


Co DESCRIPTION OPERATION 


ABCD Add decimal with extend 


Add binary 


CODES 
XIN] z[v[c) 
(Destination),, + (Source),,. + X —>» Destination Fe fufeflulfe 
(Destination) + (Source) — Destination fe fle flelele. 
Add address (Destination) + (Source) — Destination hee fet et ey ae | 
Add immediate (Destination) + Immediate Data —> Destination fe fe felele| 
(Destination) + Immediate Data — Destination Fe fe flelele| 
(Destination) + (Source) + X — Destination fe flelele| 


ANDI 


~(<bit number>) OF Destination > Z 
~(<bit number>) OF Destination 
<bit number> OF Destination 


BCLR Test a Wisind cicer ~(<bit number>) OF Destination > Z 
0 —> <bit number> — OF Destination 


Branch always ES enn Roe Eee eae En ee 
S 


BSET Taste bitand sat ~(<bit number>) OF Destination + Z 
1 — <bit number> OF Destination 


Destination) Immediate Data 
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Table 22. Instruction Set (Continued) 


DESCRIPTION OPERATION 


cMPM (Destination) (Source) 


Bec Test condition, decrement and branch pice hon ORE Ont Dime men 
PC +d—> PC 


DIVS (Destination)/(Source) — Destination 

DIVU (Destination)/(Source) — Destination 
(Destination)®(Source) — Destination 
(Destination)®lmmediate Data — Destination 


Exclusive—OR i diat 

ECORI CCR | ee dee (Source)®CCR — CCR a 
Exclusive—OR immediate 

EORI to SR to status register (Source)®SR — SR po 


CONDITION 
CODES 


Oo 


XG Px © Ry 
EXT (Destination) Sign—extended — Destination 
MP Destination — PC 
SR PC — -(SP); Destination — PC 
EA Destination — An 


SP + Displacement — SP 
LSL, LSR (Destination) Shifted by <count> —> Destination 
MOVE (Source) —> Destination 
OVE w OOF ‘Souee) > COR ri eew ce 
feNEDEA | Mow nemha reer | Sanwraae Te ee 


MOVE from ; oo 
SR Move from status register SR —> Destination 


| MOVE USP | Moveuserstackpointer | USP—9AnAn—>USP_ | - | - | - | - | 
|MOVEA | Moveaddress | (Source) Destination | = | = | - | - | - 


es a 
(Source) — Registers 

| Mover | Moveperipheraldata | (Source) —» Destination | = | - | - | - | - 
TMOVEG | Movequck | Immediate Data > Destination ———=s«d[- |» [+ | o | 0 
nrc 
MULU (Destination) X (Source) — Destination Fe | | o | 
NBCD 0-(Destination);>-X —> Destination 


EG Negate 0—(Destination) — Destination 
rT 


ii 


(= 


r 


NEGX Negate with extend 0—(Destination)—X — Destination 


O Logical complement ~(Destination) — Destination 
Inclusive—OR logical Destination) V (Source) — Destination 
Inclusive—OR immediate Destination) V Immediate Data — Destination 


Inclusive—OR immediate 

OR! to CCR to conditions codes (Source) v CCR — CCR 
Inclusive—OR immediate 

ORI to SR to status register (Source) v SR— SR 


EA Push effective address Destination —> +{SP) 
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Table 22. Instruction Set (Continued) 


DESCRIPTION OPERATION 


a 
ROL, ROR Rotate (without extend) (Destination) Rotated by <count> — Destination 
ROXL, ROXR (Destination) Rotated by <count> —> Destination 


CONDITION 
CODES 


PRTE __|_Retumntromexception | (SP) ++ > SR (SP) + 9 PC 
|ATR Return and restore condition codes (SP) + —> CC; (SP) + — PC 


SBCD Subtract decimal with extend (Destination) ;g-Source);9-X — Destination 


[Sco | Setaccarcingtacondton If cc then V's = Destination else 

0's — Destination 
rsua | Subractbinary __—_———_—*| (Destination) (Source) —> Destination 
TsuBA | Subactaddress | (Destination) (Source) > Destination ‘| - |- | - | - | — 
suet | Subvactimmedate | (Destinalon)-Immediate Data—> Destination [+ [+ [+] | + 
supa | Subvactauick | (Destinaton)-Immediate Data» Destination |» | + [+ | + | + 
Tsuex | Subtactwith extend | (Destination) (Source)-X—> Destination [+ [e [|e | 


RTE 
RTR 
(SP) + PC 
Scc 
SUB 


NOTES 

[] = _ bitnumber © affected 
® logical exclusive OR — unaffected 
A logical AND 0 cleared 
V logical OR 1 set 

~ logical complement U undefined 
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Instruction Prefetch 

The 68000 uses a two-word tightly—-coupled 
instruction prefetch mechanism to enhance 
performance. This mechanism is described in 


terms of the microcode operations involved. If Dn Data register direct 0(0/0) 0(0/0) 
the execution of aninstruction is defined to be- An Address register direct 0(0/0) 0(0/0) 


gin when the microroutine for thatinstructionis 
entered, some features of the prefetch mecha- 
nism can be described. 


1. When execution of an instruction begins, 
the operation word and the word following 
have already been fetched. The operation 
word is in the instruction decoder. 


2. In the case of multi-word instructions, as 
each additional word of the instruction is 
used internally, a fetch is made to the in- 
struction stream to replace it. 


3. The last fetch for an instruction from the in- 
struction stream is made when the opera- 
tion word is discarded and decoding is 
started on the next instruction. 


4. Ifthe instruction is a single—word instruction 
causing a branch, the second word is not 
used. But because this word is fetched by 
the preceding instruction, it is impossible to 
avoid this superfluous fetch. 


5. Inthecase ofan interruptor trace exception, 
both words are not used. 


6. The program counter usually points to the 
last word fetched from the instruction 
stream. 


Instruction Execution Times 

The following paragraphs contain listings of the 
instruction execution times in terms of external 
clock (CLK) periods. In this timing data, itis as- 


Table 23. Effective Address Calculation Times 


ADDRESSING MODE 
Register 


Memory 
(An) 
(An)+ 


—{An) 
d(An) 


d(An,ix)* 
xxx.W 


Address register indirect 


Absolute short 


xoex.L 
d(PC) 


d(PC,ix)* 
#XXX 


NOTE: 


Absolute long 


Program counter with index 
Immediate 


Address register indirect with postincrement 


Address register indirect with predecrement 
Address register indirect with displacement 


Address register indirect with index 


Program counter with displacement 


LONG 


BYTE,WORD 


4(1/0) 
4(1/0) 


6(1/0) 
8(2/0) 
10(2/0) 
8(2/0) 
12(3/0) 
8(2/0) 
10(2/0) 
4(1/0) 


8(2/0) 
8(2/0) 


10(2/0) 
12(3/0) 


14(3/0) 
12(3/0) 


16(4/0) 
12(3/0) 


14(3/0) 
8(2/0) 


* The size of the index register (ix) does not affect execution time. 


sumed that both memory read and write cycle 
times are four clock periods. 


Any wait states caused by a longer memory 
cycle must be added to the total instruction 
time. The number of bus read and write cycles 
for each instruction is also included with the tim- 
ing data. The timing data is enclosed in paren- 
theses following the execution periods and is 
shown as (r/w) where ris the number of read 
cycles and w is the number of write cycles. 


NOTE 
The number of periods includes instruction 
fetch and all applicable operand fetches and 
stores. 


Table 24. Move Byte Instruction Execution Times 


SOURCE 


DESTINATION 


Effective Address Operand Calculation 
Timing 

Table 23 lists the number of clock periods re- 
quired to compute an instruction’s effective ad- 
dress. It includes fetching of any extension 
words, the address computation, and fetching 
of the memory operand. The number of bus 
read and write cycles is shown in parentheses 
as (r/w). Note there are no write cycles involved 
in processing the effective address. 


Move Instruction Execution Times 

Tables 24 and 25 indicate the number of clock 
periods for the move instruction. This data in- 
cludes instruction fetch, operand reads, and op- 
erand writes. The number of bus read and write 
cycles is shown in parentheses as (r/w). 


pin] An An) Am | An) | tn) | tnt [soo W | rox. 


Dn 
An 
(An) 


16(3/1) 
16(3/1) 
20(4/1) 


8(2/0) 
10(2/0) 
12(3/0) 
14(3/0) 
12(3/0) 
16(4/0) 
12(3/0) 
14(3/0) 

8(2/0) 


8(2/0) 
10(2/0) 
12(3/0) 
14(3/0) 
12(3/0) 
16(4/0) 
12(3/0) 
14(3/0) 

8(2/0) 


12(2/1) 
14(2/1) 
16(3/1) 
18(3/1) 
16(3/1) 
20(4/1) 


12(2/1) 
14(2/1) 
16(3/1) 
18(3/1) 
16(3/1) 
20(4/1) 
16(3/1) 
18(3/1) 
12(2/1) 


12(2/1) 
14(2/1) 
16(3/1) 
18(3/1) 
16(3/1) 
20(4/1) 
16(3/1) 
18(3/1) 
12(2/1) 


16(3/1) 
18(3/1) 
20(4/1) 
22(4/1) 
20(4/1) 
24(5/1) 


18(3/1) 
20(3/1) 
22(4/1) 
24(4/1) 
22(4/1) 
26(5/1) 
22(4/1) 
24(4/1) 
18(3/1) 


16(3/1) 
18(3/1) 
20(4/1) 
22(4/1) 
20(4/1) 
24(5/1) 
20(4/1) 
22(4/1) 
16(3/1) 


20(4/1) 
22(4/1) 
24(5/1) 


26(5/1) 
24(5/1) 
28(6/1) 
24(5/1) 
26(5/1) 
20(4/1) 


d(An, ix)* 
xxx.W 
xxx.L 


d(PC) 
d(PC,ix)* 
#XXX 


NOTE: 
* The size of the index register (ix) does not affect execution time. 
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Table 25. MOVE LONG Instruction Execution Times 
DESTINATION 


[ba [An | (An) | (Ane | An) | om) | (Ane | oomW [ot 
4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 16(2/2) 
4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 16(2/2) 
12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 24(4/2) 
12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 24(4/2) 
14(3/0) 22(3/2) 22(3/2) 22(3/2) 26(4/2) 26(4/2) 
16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 28(5/2) 
18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 30(5/2) 
16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 28(5/2) 
20(5/0) 28(5/2) 28(5/2) 28(5/2) 32(6/2) 32(6/2) 
16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 28(5/2) 
18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 30(5/2) 
12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 24(4/2) 


28(5/2) 
30(5/2) 
32(6/2) 


26(4/2) 
28(4/2) 
30(5/2) 
32(5/2) 
30(5/2) 
34(6/2) 
30(5/2) 
32(5/2) 
26(4/2) 


12(3/0) 
14(3/0) 

1(4/0) 
18(4/0) 
16(4/0) 
20(5/0) 
16(4/0) 
18(4/0) 
12(3/0) 


d(An,ix)* 
xxx.W 
xxx.L 


32(5/2) 
34(6/2) 
28(5/2) 


d(PC) 
d(PC,ix)* 
#XXX 


NOTE: 
* The size of the index register (ix) does not affect execution time. 


Standard Instruction Execution Times 

The number of clock periods shown in Table 26 
indicates the time required to perform the oper- 
ations, store the results, and read the next in- 
struction. The number of bus read and write 


cycles is shown in parentheses as (r/w). The 
number of clock periods and the number ofread 
and write cycles must be added respectively to 
those of the effective address calculation where 
indicated. 


Table 26. Standard Instruction Execution Times 


INSTRUCTION 


| opcea>,And | opeeas, On| op Drv eM> 


In Table 26 the headings have the following 
meanings: An = address register operand, DN = 
data register operand, ea = an operand speci- 
fied by an effective address, and M = memory 
effective address operand. 


1/0)+ 4(1/0)+ 8(1/1)+ 
6(1/0)+** 6(1/0)+** 12(1/2)+ 
are 


byte, word 


byte, word 


8 

a a(n alive 

ee 12(172) 

Moe 
(10) Ee 
8 


byte, word 


158(1/0)+* Lie ee 


as 

To 000800)5° 
pews | CSC 
pete eee woh TO ee 
Fa eS) SOS ee EE 
ee 
090 00969 


( 
(1/0)+ 
( 
byte, word 
( 


byte, word 


NOTES: 
+ Add effective address calculation time. 


Word or long word only. 

* Indicates maximum value. 

** The base time of 6 clock periods is increased to 8 if the effective address mode is register direct or immediate (effective) address time should 
also be added). 

*** Only available effective address mode is data register direct. 

DIVS, DIVU — The divide algorithm used by the 68000 provides less than 10% difference between the best and worst case timings. 

MULS, MULU - The multiply algorithm requires 38 + 2n clocks where n is defined as: 

MULU: n= the number of ones in the <ea>. 

MULS: n = concatenate the <ea> with a zero as the LSB; nis the resultant number of 10 or 01 patterns in the 17-bit source; i.e., worst case hap- 
pens when the source is $5555. 
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immediate Instruction Execution Times 
The number of clock periods shown in Table 
27 includes the time to fetch immediate oper- 
ands, perform the operations, store the re- 
sults, andread the next 9operation. The num- 
ber of bus read and write cycles is shown in 
parentheses as (r/w). The number of clock pe- 
riods and the number of read and write cycles 
must be added respectively to those of the ef- 
fective address calculation where indicated. 


In Table 27, the headings have the following 
meanings: # = immediate operand, DN =data 
register operand, An = address register oper- 
and, M = memory operand, and SR = status 
register. 


Single Operand Instruction Execution 
Times 


Table 28 indicates the number of clock periods 
for the single operand instructions. The num- 
ber of bus read and write cycles is shownin pa- 
rentheses as (r/w). The number of clock peri- 
ods and the number of read and write cycles 
must be added respectively to those of the ef- 
fective address calculation where indicated. 
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Table 27. Immediate Instruction Execution Times 


Twstucrion [Size | op#Dn | opAn | opkM 
ADD |_ byte, word | e(ao) | —- ——«dtCSCiaa 
a Cr 
bye, wor 
bye, word | a(eo) | - —*+d| rae. 
ing | 16190) | = (| —20anje 
bye wors | 00) | «dCi 
7 CL 
pre, word | 00) ——~*dCSCa 
CL oc 
_ 
are 
ne 
= 
ae 


ADDQ 


ANDI 


CMPI 


MOVEQ 


4(1/0) fF 
byte, word 8(2/0) 12(2/1)+ 
16(3/0) 20(3/2)+ 


SUBI byte, word 8(2/0) 12(2/1)+ 
| long =| «16 (3/0) 20(3/2)+ 
SUBQ 4(1/0) 8(1/0)* 8(1/1)+ 
| tong 8(1/0) 8(1/0) 12(1/2)+ 
NOTE: 
+ add effective address calculation time 
* word only 


Table 28. Single Operand Instruction Execution Times 


INSTRUCTION MEMORY 
cL bye, word 
NBCD bye 
NEG bye, word 
bye, word 
NOT bye, word 
bye, alo 
bye, tue 
bye 
bye, ward 


NEGX 


i) 
OQ 
re) 


+ 
” 
=| 


> 
n 


NOTE: 
+ add effective address calculation time 


411 


Signetics Military Customer Specific Products 


Product Specification 


16-/32-Bit Microprocessor 


68000 


Shift/Rotate Instruction Execution Times 


Table 29 indicates the number of clock periods 
for the shift and rotate instructions. The num- 
ber of bus read and write cycles is shown in pa- 
rentheses as (r/w). The number of clock peri- 
ods and the number of read and write cycles 
must be added respectively to those of the ef- 
fective address calculation where indicated. 


Bit Manipulation Instruction Execution 
Times 

Table 30 indicates the number of clock periods 
required for the bit manipulation instructions. 
The number of bus read and write cycles is 
shown in parentheses as (r/w). The number of 
clock periods and the number of read and write 
cycles must be added respectively to those of 
the effective address calculation where indi- 
cated. 


Conditional Instruction Execution Times 
Table 31 indicates the number of clock periods 
required for the conditional instructions. The 
number of bus read and write cycles is indi- 
cated in parentheses as (r/w). The number of 
clock periods and the number of read and write 
cycles must be added respectively to those of 
the effective address calculation where indi- 
cated. 
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Table 29. Shift/Rotate Instruction Execution Times 


INSTRUCTION | SIZE | REGISTER MEMORY 
ASR, ASL | byte, word | 6 + 2n(1/0) 8(1/1)+ 
a 0 


8(1/1)+ 


LSR, LSL byte, word 6 + 2n(1/0) 
[eng | Beno) 


ROR, ROL byte, word 6 + 2n(1/0) 8(1/1)+ 
ee ES 


ROXR, ROXL 6 + 2n(1/0) 8(1/1)+ 
B+2n(vo) P= 


NOTE: 
+ add effective address calculation time 
nis the shift or rotate count 


Table 30. Bit Manipulation Instruction Execution Times 


INSTRUCTION DYNAMIC STATIC 


BCHG we | - [am |_| 120 
8(1/0)* 12(2/0) 


BcLR aie | _- | 2p 
| long | to(voye | = tao] 
a(i/t)+ | - | 12(2/1)+ 


BSET 


Tiong | oop | - | aor - 
ast [oye | - | aoe | - | a0 


_long | evo) f= 100) 
NOTES: 


+ add effective calculation time 
* indicates maximum value 


Table 31. Conditional Instruction Execution Times 


BRANCH 
DISPLACEMENT BRANCH TAKEN NOT TAKEN 


10120 a(t) 


Bec 


INSTRUCTION 


5 eC 
wore tem) 
es 
Cr 
[tome OC 
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Table 32. JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 


“ae | atany [aanstow [ oan [weet] aPC) 
C= [1900 
ee ed 
Pe 
Tea = | reevay [ = [ram [sere [ance | vom | amor 


12+ 4n 12+4n 16+ 4n 18+4n 16+4n 20 + 4n 16 + 4n 18 4n 
MOVEM (3 + n/0) (3 + n/0) (4 + n/0) (4 + n/O) (4 + n/0) (5 + n/0) (4 + n/0) (4 + n/0) 
M—R 12+ 8n 12 +8n 16 + 8n 18 +8n 16 +8n 20 + 8n 16 + 8n 18 + 8n 
(3+ 2n/0) | 3+ 2n/0) (4+ 2n/0) | (4+2n/0) | (4+ 2n/0) | (5+ 2n/0) | (44 2n/0) | (4+ 2n/0) 
word 8+4n 8 +4n 12+ 4n 14+4n 12+4n 16+ 4n 
MOVEM (2/n) (2/n) (3/n) (3/n) (3/n) (4/n) 
R—M 8 +8n 12 + 8n 14+8n 12 + 8n 16+ 8n 
) (3/2n) (3/2n) (3/2n) (4/2n) 
NOTES: 
nis the number of registers to move 


* is the size of the index register (ix) and does not affect the instruction'’s execution time 


| (PCI) | 
14(3/0 


JMP, JSR, LEA, PEA, and MOVEM Table 33. Multi-Precision Instruction Times 

Instruction Execution Times [ opMM 
Table 32 indicates the number of clock periods 

required for the jump, jump-to-subroutine, 
load effective address, push effective ad- 
dress, and move multiple registers instruc- 
tions. The number of bus read and write cycles 


is shown in parentheses as (r/w). 20(5/0) 
Multi-Precision Instruction Execution ic ll 
Times 30(5/2) 
Table 33 indicates the number of clock periods 18(3/1) 
for the multi-precision instructions. The num- 1813/1 
ber of clock periods includes the time to fetch Sat 
both operands, perform the operations, store 

the results, and read the next instructions. The 


number of read and write cycles is shown in 
parentheses as (r/w). 


In Table 33, the headings have the following 
meanings: Dn = data register operand and M= 
memory operand. 
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Table 34. Miscellaneous Instruction Execution Times 


Fc 
Fo 
Sa 
_— 
a 
ee 


omese ers 
[woveremsa OC 
wove oR 00 
wove R888 
a 


= 
= 
OC 
a 
Twoverem SP 
wove iS 
a 
a 
a 
i = = 
= ns rs 

= a 

= = 

= = 

= = 


E 
20 


NOTE: 
+ add effective address calculation time 


Table 35. Move Peripheral Instruction Execution Times 


INSTRUCTION | SIZE REGISTER MEMORY MEMORY —> REGISTER 
WOVE a 
ptong fe) 
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Miscellaneous Instruction Execution Times 
Tables 34 and 35 indicate the number of clock 
periods for the following miscellaneous instruc- 
tions. The number of bus read and write cycles 
is shownin parentheses as (r/w). The number of 
clock periods plus the number of read and write 
cycles must be added to those of the effective 
address calculation where indicated. 


Exception Processing Execution Times 
Table 36 indicates the number of clock periods 
for exception processing. The number of clock 
periods includes the time for all stacking,. the 
vector fetch, and the fetch of the first two in- 
struction words of the handler routine. the num- 
ber of bus read and write cycles is shown in pa- 
rentheses as (r/w). 


ABSOLUTE MAXIMUM RATINGS 


NOTE: 


[vec | Suppvvotegerarge ——~SCSC*dtC~C soe 
Tore | Stage npertrornge —*-asinstso | ro 
[Po | Maximum ower dispaton Pa) | __178_—~+|_W_ 
| toatanperare otering Secon | 270 | *0 
Tt sinctontenperte | tee 
a ee 


: ; ; . 30, dual-in-line 
Thermal resistance, junction to ambient 50, LCC | ecw | 


Table 36. Exception Processing 
Execution Times 


EXCEPTION PERIODS 


+ add effective address calculation time. 

* The interrupt acknowledge cycle is as- 
sumed to take four clock periods. 

** Indicates the time from when RESET and 
HATT are first sampled as negated to 
when instruction execution starts. 


CHK instruction 


Divide by zero 


Illegal instruction 


Interrupt 


RATING UNIT 


V 
°C 
°C 
"C 

°C/W 
°C/W 


This device contains circuitry to protect the inputs against damage due to high static voltages or 
electric fields; however, it is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum-rated voltages to this high-impedance circuit. Reliability of opera- 
tion is enhanced if unused inputs are tied to an appropriate logic voltage level (e.g., either GND 


or Voc). 
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RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER RATING UNIT 


Voc 4.75 to 5.25 V 
Supply voltage 
IH 
IL 


0 


a 
a 


Frequency of operation: 
68000-6 
68000-8 
68000—10 


4.0 to 6.0 
4.0 to 8.0 
4.0 to 10.0 


TEST CONDITIONS 
SYMBOL PARAMETER ~55°C<Tc<+110°C, Vec=5V +5% 


High-level output voltage all outputs lon = 400A 


High-level output voltage enable only R pullup = 1.1 kQ 
lou 400A 


Low-level output voltage A23-1, FCO-2, BG lo. = 3.2mMA Voc = 4.75V 
Low-level output voltage HALT lo. = 1.6mA Voc = 4.75V 


gh 
: 
Low-level a voltage AS, R/W, D-15-0, UDS. lo. = 5.3mA Voc = 4.75V 
Low-level output voltage RESET lo. = 5.0mA Voc = 4.75V 
| lon High-impedance (off-state) output current (HIGH) Vo = 2.4V 
High-impedance (off-state) output current (LOW) Vo = 0.4V 
High-level input current; all inputs’ Vin = 5.25V 
i i 
loc 
Cin 


Low-level input current; all inputs! Vin =0 
Fico | Supply current? Voc = 5.25V 


: Vin = OV 
3 IN 
Ca Capacitance frequency = 1MHz 


~ 
oi 
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Power Considerations 
The average chip-junction temperature, Ty, in 


°C can be obtained from: 


Ty = Ta + (Po® Oya) (1) 
Where: 
Ta = ambient temperature, °C 


6s, = package thermal resistance, 
junction-to-ambient, °C/W 

Pp = pint + Pyo 

Pint = loc X Voc, watts-chip internal 
power 

Pyo = power dissipation on input and 
output pins — user determined 


For most applications Pyo<<Piy7 and can be 
neglected.. 


An approximate relationship between Pp and 
Ty (if Pyo is neglected) is: 


Pp = K + (Tj+273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Tp®(Ta+273°C) +@in@Pp2 (3) 


Where K is a constant pertaining to the particu- 
lar part. Kcan be determined from equation 3 by 
measuring Pp (at equilibrium) for a known Ta. 
Using this value of K the values of Pp andT, can 
be obtained by solving equations (1) and (2) it- 
eratively for any value of Ta. 

Figure 465 illustrates the graphic solution to the 
equations, given above, for the specification 
power dissipations of 1.50 and 1.75 watts over 
the ambient temperature range of -55°C to 


125°C using an average 0), of 40°C/W to rep- 
resent various 68000 packages. 


However, actual 84,’s in the range of 30°C to 
50°C/W only change the curves slightly. 


The total thermal resistance of a package (0),) 
can be separated into two components, 8), and 


Oca, representing the barrier to heat flow from 
the semiconductor junction to the package 
(case) surface (8j,) and from the case to the 
outside ambient (O¢,). These terms are related 
by the equation: 

Bin = Bic+ Oca (4) 


8jcis adevice related andcannotbe influenced 


by the user. However, Oca is user dependent 
and can be minimized by such thermal manage- 
ment techniques as heat sinks, ambient air 
cooling and thermal convention. Thus, good 
thermal managementon the partof the user can 


significantly reduce Oca so that 8), approxi- 


mately equals 8 jc. Substitution of 8 jc for By, in 
equation (1) will result ina lower semiconductor 
junction temperature. 
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130 pF 


at 


Figure 42. RESET Test Load 


Cy = 130 pF 
(INCLUDES ALL PARASITICS) 

Ry = 60kQ FOR 
AS, A1-A23, BG, DO-D15, E 
FCO-FC2, CDS, R/W, UDS, VMA 

*R = 1.22kQ FOR A1-A23, BG, FCO-FC2 


POWER (Pp ) - WATTS 


_— 
ih 
Ft 


0 25 


Figure 43. HALT Test Load 


MMD6150 
OR EQUIVALENT 


MMD7000 
OR EQUIVALENT 


4, 6, 8, AND 10 MHz 


_ 


70 ~=—«85 


AMBIENT TEMPERATURE (Ta) -°C 


Figure 45. 68000 Power Dissipation (Pp) vs Ambient Temperature (Ta) 


Values for thermal resistance presented in this 
data sheet are provided for design purposes 
only. Thermal measurements are complex and 
dependent on procedure and setup. User 
derived values for thermal resistance may 
differ. 
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AC ELECTRICAL CHARACTERISTICS — Clock Timing (see Figure 46) 


CHARACTERISTIC SYMBOL 


Frequency of operation 


Clock pulse width 
Rise and fall times 


TEMPERATURE MAXIMUM POWER DISSIPATION (WATTS) 
(°C) PER FREQUENCY (MHz) 


Pin grid array 0 to 70 
—40 to 85 


Paste 1G 


teyc 
tCL ‘CH 
2.0V 
0.8V 
tc —— <— ty 


NOTE: 
Timing measurements are referenced to and from a low voltage of 0.8V and a high voltage of 2.0V unless otherwise noted. The voltage swing through this range should start outside and 
pass through the range such that the rise or fall will be linear between 0.8V and 2V. 


Figure 46. Clock Input Timing Diagram 
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C ELECTRICAL CHARACTERISTICS'—Read and Write Cycles -55°C <T-<+110°C (See Figures 47 and 48 


SYMBOL CHARACTERISTIC | 6MHz =| 8MHz 
| teyo Clock Period 


tcyc 
to Clock width low 
tc 
f 
r 
L 


tc 
tc Clock rise time 


tcLav 
6A tcHFCV Clock high to FC valid 
8 


Y 
H Clock width high 
LA 


pt 
| tor 
| ter | Clock fall time 
ae 
| to | 
| tcurov | 


Clock low to address valid 


7? Clock high to address data high impedance (maximum) 
8 Clock high to address/FC invalid (minimum) 

Clock high to AS, DS low (maximum) 

Clock high to AS, DS low (minimum) 

Address valid to AS, DS (read) low/AS write 

117-11 FC valid to AS, DS (read) low/AS (write) 


Clock low to AS, DS high 


gn AS, DS high to address/FC invalid 


oy 


147.11 AS, DS width low (read)/AS (write) 
14A71 | towew | DS width low (write) 

157.11 | ts | AS, DS width high 

Clock high to AS,DS high impedance 
17711 KS, DS high to R/W high 

Clock high to R/W high (maximum) 
Clock high to R/W high (minimum) 
Clock high to R/W low 

AS low to R/W valid 

Address valid to R/W low 

Aft FC valid to R/W low 

R/W low to DS low (write) 

Clock low to data out valid 

Clock high to R/W, VMA high impedance 
57M DS high to data out invalid 

Data out valid to DS low (write) 

Data in to clock low (setup time) 


1 
1 
2 
287.11 KS, DS high to DTACK high 
2 
3 


mM} rm] rm] 
m}/=-|-|9 
N “}/| > 
= a = 

a 


Nm 
“Ni 
N 
x 


DS high to data invalid (hold time) 


67 
g’ 
07 AS, DS high to BERR high 
of 
4’ 
57 


S177 DTACK low to data valid (Setup time) 


3 HALT and RESET input transition time 


Clock high to BG low 
Clock high to BG high 
BR low to BG low 


3 
3 


— “I =| 8 }] w Nuintia 
; a) roy 
~] “NI tO 
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AC ELECTRICAL CHARACTERISTICS!1—Read and Write Cycles (Continued 


all SYMBOL CHARACTERISTIC ee ee 


co co 
[EGRCKiow wBSiow ——SSC*dCS CxS 
[s7m? | wacom | BORCKiow wo BHhigh fo prevent vearsvaion) | 20 | 
rs 
ace 
= 


[Min _| 
p15 | 
BGACK low to BG low ae 

p15 
Po | — [7 | os 
P= [4s [=f pr 
[40 | tame [lockiow to Rio Eis 
fat [ tue | Clckiow Evanston pr | — [ss | 
[aa [teu [Eouputrsoandtarine _———SC—is ~The 
[imax [WiRtowno Engh ———SSCSC~w | = | - | — 
[26” | tenon [AS DShighioVPANen ——==SSSSC*dt Cw] © | wo] 0 | wo 
7 [tan _[Elowinadcoss VWmFCmais Sid S| - | | - | | - | 
ae [ew (BRCRWah—SSSSC~«d BP (tS | tS | - [Oko 
[ar |e _[Asyctroncusipstsoupime «dt | | | - |p | oe 
[a7 | Tacion [BERRbowwOTACKIw ————SSSSSSC«dC | - | | | | 
ae? | tas; [Flow ioAS.OSinaid ———=SSC~*~ | | | TO | | | 
[sor | ten [Ewing ——SSSSSCSCSCS~d OT - (fae | - mo | 
17 Ewidthiow [eS | = | OO | - | 580 | - | is | 
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NOTES: 
After Vcc has been applied for 100 ms. 


All outputs unloaded except for load capacitance. Clock should be either 4MHz or Fyax. Low; HALT, RST, (Part is held in reset). High; 
DTACK, BR, BGACK, IPLQ-2, VPA, BERR. 
Guaranteed but not tested. 


Voc = 5V+5% 

After Vcc has been applied for 100ms. 

All outputs unloaded except for load capacitance. Clock should be either 4MHz or Fyyax. 

Low; HALT, RST, (Part is held in reset). High; DTACK, BR, BGACK, IPLQ-2, VPA, BERR. 

As a minimum, tested initially and for process or design changes only. 

For invalid, as a minimum, tested initially and for process and design changes only. 

For a loading capacitance of less than or equal to 50pF, subtract 5ns from the values given in the maximum column. 

10. Combined with the above parameter. Previous specification of Ons was theoretical and not attainable. 

. Actual value depends on clock period. 

. For power up, the MPU must be held in RESET state for 100ms to all stabilization of on-chip circuitry. After the system is powered up, 56 
refers to the minimum pulse width required to reset the system. 

. Combined with 16, control bus specification 

. If 47 is satisfied for both DTACK and BERR, 48 may be Ons. 


. When AS and R/W are equally loaded (20%), subtract 10ns from the values given in these columns. 

. Deleted, useful only if E clock used to drive clock input on MC6809 Microprocessor. 

. If the asynchronous setup time (47) requirements are satisfied, the DTACK low to data setup time (#31) requirement can be ignored. 
the data must only satisfy the data in to clockow setup time (#27) for the following cycle. 

. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BTACK. 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not intended as a 
functional description of the input and output signals. Refer to other functional descriptions and their related diagrams for device operation. 


DATA IN 


BERR BR 
(NOTE 2) 


ASYNCHRONOUS 
INPUTS 
(NOTE 1) 


NOTES: 


1. Setup time for the asynchronous inputs BGACK, IPL0-2, and VPA guarantees their recognition at the next falling edge of the clock. 
2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle. 


3. Timing measurements are referenced to and from a low voltage of 0.8V and a high voltage of 2.0V, unless otherwise noted. The voltage swing through this range should 
start outside and pass through the range such that the rise or fall will be linear between 0.8V and 2.0V. 


Figure 47. Write Cycle Timing Diagram 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not intended asa 
functional description of the input and output signals. Refer to other functional descriptions and their related diagrams for device operation. 


DATA OUT 


BERR/BR 
(NOTE 2) 


HALT/RESET 


ASYNCHRONOUS 
INPUTS 
(NOTE 1) 


NOTES: 


1. Timing measurements are referenced to and from a low voltage of 0.8V and a high voltage of 2.0V, unless otherwise noted. The voltage swing through this range should 
start outside and pass through the range such that the rise or fall will be linear between 0.8V and 2.0V. 
2. Because of loading variations, R/W may be valid after AS even though both are initiated by the rising edge of S2 (Specification 20A). 


Figure 48. Write Cycle Timing Diagram (Continued) 


July 25, 1986 422 


Signetics Military Customer Specific Products Product Specification 


16-/32-Bit Microprocessor 68000 


APAAAARADALN 


= a a eS 


DATA OUT 


WF05950S 


NOTE: 
This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case possible attainable. 


Figure 49. 68000 to M6800 Peripheral Timing Diagram — Best Case 
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Figures 50, 51, and 52 depict the three bus arbi- 
tration cases that can arise. Figure 50 shows 
the timing where AS is negated when the pro- 
cessor asserts BG (idle bus case). Figure 51 
shown the timing where AS is asserted when 
the processor asserts BG (active bus case). 
Figure 52 shows the timing where more than 


one bus master are requesting the bus. Refer to 
Bus Arbitration for a complete discussion of 
bus arbitration. 


The waveforms shown in Figures 50, 51, and 52 
should only be referenced in regard to the 


edge-to-edge measurementof the timing speci- 
fications. They are not intended as a functional 
description of the input and output signals. Re- 
fer to other functional descriptions and their re- 
lated diagrams for device operation. 


WFO05980S 


Figure 50. Bus Arbitration Timing Diagram — Active Bus Case 
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Figure 51. Bus Arbitration Timing Diagram — Idle Bus Case 
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Figure 52. Bus Arbitration Timing Diagram — Multiple Bus Requests 
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DESCRIPTION 

The Signetics 68154 Interrupt Generator 
provides an interface between an inter- 
rupting device and a system bus such as 


the VMEbus or VERSAbus™. Figure 1 
shows a typical configuration of the 
68154. The 68154 has three primary 
functions: 

1. Generates bus interrupt requests. 


2. Resides in the interrupt acknowledge 
daisy chain. 


3. Allows a status/ID byte (interrupt 
vector) to be supplied to the system if 
needed. 


The 68154 has seven interrupt request 
levels, IRQ7N — IRQIiN, which are 
selected by using the interrupt request re- 
gister. The local master writes to the inter- 
rupt request register to generate an 
interrupt request on any interrupt request 
level. The interrupt request register may 
be read to determine if an interrupt has 
been acknowledged. If a level with an in- 
terrupt request pending is acknowledged, 
the 68154 will allow a status/ID byte to be 
supplied to the system. Seven bits of the 
status/ID byte come from the interrupt 
vector register with the user externally 
supplying the LSB. If the 68154 does not 
have an interrupt acknowledge on the 
level acknowledged, the 68154 will pass 
the interrupt acknowledge on via the 
daisy-chain output. The user can enable 
or clear all interrupt request levels by 
setting specific bits in the interrupt vector 
register. 


The 68154 was designed primarily for in- 
terface to the VMEbus. For more informa- 
tion regarding the protocol definitions, 
proper use, and application of this device, 
refer to the VMEbus Specification Manual. 


VERSAbus is a registered trademark of Motorola, Inc. 
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PIN CONFIGURATION 


FEATURES 


® Interrupts generator for VMEbus 
and VERSAbus systems 


® Generates 7 bus interrupt requests 


@ Two internal registers for system 
control 


@ Interrupt enable and interrupt clear 
bits 


@ Allows status/ID byte to be supplied 
during interrupt acknowledge 


© High-speed bipolar technology 
@ Single +5V supply 


ORDERING INFORMATION 


PACKAGE ORDERING CODE 
40—Pin Ceramic DIP 68154/BQA 
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BLOCK DIAGRAM 
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CPU REGISTER 
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CONTROL 
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REQUEST OUTPUTS 
REGISTER IRQIN -IRQ7N 
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CLK 


IACKN INTERRUPT 
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PIN DESCRIPTION 
[_svweot__[PWNO.| TYPE 
Voc 1 | 
A1-A3 
CSDSN 
DSN 


IACKN 
BUFENN 


IRQ1N —IRQ7N 
GND 


CLK 
IACKINN 
RS 
RESETN 
LD1-LD7 
BD1 -— BD7 


IACKOUTN 
DTACKN 


R/WN 


LDTACKN 


FUNCTIONAL DESCRIPTION 


Typical Configuration 

The 68154 provides a vehicle for interproces- 
sor communications on an intelligent peripheral 
controller board, or a CPU board as shown in 
Figure 1. The local data pins (_D1 —LD7) serve 
as a local data bus. This allows the local master 
to access the Interrupt Generator’s two internal 
registers. During an interrupt acknowledge, the 
68154 will allow for a status/ID byte to be 
supplied to the system. The 68154 supplies 
seven of the eight needed status/ID bits. The 
user is allowed to externally supply the least 
significant bit (LSB), typically the system ad- 
dress line A1 of the status/ID byte. The IRQ1N 
—|IRQ7N, DTACKN, and BD1 —BD7 outputs re- 
quire external buffers to provide adequate drive 
to the system bus. BUFENN provides the out- 
put enable control for the data buffer that is re- 
quired for BD1 — BD7. 


Register Selection 
The 68154 has two internal registers which can 
be programmed for system control. They are 
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NAME AND FUNCTION 
Supply Voltage: +5V power supply. 


Address Lines: Address inputs from system bus. The internal level being acknowledged is 
encoded on these inputs. A1 is LSB (least significant bit). 


Chip Select: Active—Low chip select input for register I/O. This input must be qualified by the 
local master’s data strobe prior to input (See Figure 1). 


Data Strobe: Active—Low data strobe input from the system used to enable interrupt vector 
output. 


Interrupt Acknowledge: Active—Low interrupt acknowledge input from the system bus. 


Buffer Enable: Active—Low totem pole output to enable the data buffer required to drive the 
outputs of the bus data pins (BD1 — BD7). 
Interrupt Request: Active—Low totem pole system interrupt request output. 


Ground 


Clock: Clock input (typically CPU clock). 


Interrupt Acknowledge In: Active—Low interrupt acknowledge daisy—chain input. 


Register Select: Register select input. 

Reset: Active—Low input resets all internal registers, IACKOUTN, and RQnN. 
Local Data: 3-State local data bus. 

Bus Data: 3-State data pins used for vector output. 


Interrupt Acknowledge Out: Acitve—Low totem pole interrupt acknowledge daisy—chain output. 


Data Transfer Acknowledge: Acitive—Low totem pole output. This signal indicates that valid 
data is available on the bus during interrupt acknowledge cycle. 


Read/Write: Register read/write input. This signal specifies the data transfer cycle in process is 
to be either read or write. 


Local Data Transfer Acknowledge: Active—Low, open collector, data transfer acknowledge 
output to the local bus. 


the interrupt vector register and the interrupt re- 
quest register. Figure 2 shows the program- 
ming model. Both registers can be read from as 
well as written to. The interrupt vector register 
(register RO) is selected by the register select 
(RS) input equal to 0. Setting bit 1 of register RO 
enables all interrupt levels for the 68154. Writ- 
ing a 1 to bit 2 of register RO resets all interrupt 
levels in the interrupt request register as well as 
the IRQnN outputs. Subsequent interrupt re- 
quest will be honored. Bit 2 of RO will always be 
read as 0. The high order bits, bits 7 —3, of re- 
gister RO are the high order bits of the status/ID 
byte. The seven bit output of the status/ID byte 
are formed by concatenating the high order bits 
(bits 7 — 3) of register RO with system bus ad- 
dress lines A3 and A2. Bus address lines A3 
and A2 are output on BD2 and BD1 
respectively. 

The interrupt request register (R1) is selected 
by RS input equal to 1. Setting bit “n” in R1 will 
generate an interrupt on interrupt request level 
IRQnN. Any number (up to the maximum of 


429 


seven) interrupt requests can be generated in 
a single access of R1. 


The state of only those levels, which a 1 has 
been written to, is affected. Writing a 0 to any 
level does not change the current state of that 
level. For example, if |RQ1N is currently as- 
serted, writing a 0 bit to 1 of R1 does not de— 
assert IRQIN, nor clear bit 1 in R1. 


Note that interrupt requests on the same level 
are not stackable. To generate another inter- 
rupt request on a level currently asserted, the 
user must wait until that level has been ac- 
knowledged, before generating another inter- 
rupt request on that level. 


Since interrupts are acknowledged indepen- 
dently of the local CPU, the interrupt vector re- 
gister should not be modified while interrupts 
are pending. Any attempt to modify the interrupt 
vector register, while interrupts are pending, 
could cause the status/ID byte to change while 
the interrupted master is reading it. This could 
cause the interrupted master to acquire an in- 
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determinate vector. Therefore, the interrupt 
request should be examined to make certain 
there are no interrupts pending before attempt- 
ing to modify the interrupt vector register. 


All data transfers between the local CPU and 
the 68154 are done using local data lines (LD1 
—LD7), register select (RS), read/write (R/WN) 
and a chip select input (CSDSN). The 68154 
supplies a local data transfer acknowledge 
(LDTACKN) to complete the transfer of data be- 
tween the local CPU and itself. 


Interrupt/Interrupt Acknowledge 

The 68154 generates the maximum defined 
seven bus interrupts, on the IRQ1N — IRQ7N 
outputs, in a VMEbus or VERSAbus system. 
An interrupted master will acknowledge only a 
single level of the seven interrupt levels. To al- 
low for multiple interrupters on the level ac- 
knowledged, VMEbus and VERSAbus 
systems use an interrupt acknowledge daisy— 


DTACKN 
WRITEN 


CLOCK 


NOTE: (1) OPEN COLLECTOR OUTPUTS 
(2) SSTATE OUTPUTS 


INTERRUPT VECTOR REGISTER 
RS =0 READ/WRITE 


oo) Me CD SS EE 


chain. The 68154 resides in this interrupt ac- 
knowledge daisy—chain. 


When the system interrupt acknowledge 
(IACKN) is asserted, the interrupt acknowledge 
daisy—chain starts at the first slot in the system 
bus. The level being acknowledged is specified 
by the interrupted master on address lines A1 
—A3. The system bus interface on the 68154 is 
initiated only if IACKN, interrupt acknowledge 
daisy chain in (IACK—INN), and data strobe 0 
(DSON) are all received asserted. If the system 
bus interface is initiated and 68 154 has an inter- 
rupt request on the level specified, it will not 
pass the daisy—chain signal on. It will, instead, 
clear the interrupt request level acknowledge, 
IRQnN, as well as the appropriate bit in the in- 
terrupt request register. It will also assert buffer 
enable (BUFENN), place seven bits of the sta- 
tus/ID byte on the bus data outputs (BD1 — 
BD7) and assert data transfer acknowledge 
(DTACKN). 


68154/8X825 


LD1-7 IACKINN 


|IACKN 


DSN 


IACKOUTN 
LOTACKN 


R/WN A1-A3 


USER SUPPLIED 545244 


Figure 1. Typical Configuration 


If the system bus interface is initiated, but the 
68154 has no interrupt request on the level be- 
ing acknowledged, it will pass the daisy—chain 
input (IACKINN) on via the interrupt acknowl- 
edge out ([ACKOUTN). 


Arbitration 

The system bus interface, as well as the local 
master interface, are independent processes. 
Either can be initiated at any time without re- 
spect to the other. The 68154 will arbitrate be- 
tween the processes, allowing proper system 
operation without any degradation in perform- 
ance. 


Reset 

When RESETN is asserted, 68154 drives the 
outputs IRQnN and IACKOUTN high. It also 
resets the interrupt request and the interrupt 
vector registers. 


SYSTEM BUS 
IACKINN 


ASN 
IACKN 


AFO1801S 


INTERRUPT REQUEST REGISTER 


RS =1 READ/WRITE 


mgr ped es fe] 2] 


ENABLE INTERRUPTS 
(1 = ENABLED) 


LEVEL 1-7 INTERRUPT 
REQUESTS (1 = INTERRUPT 
REQUEST PENDING) 


(BIT 1 = IRQIN, BIT 2 = IRQ2N...) 


CLEAR INTERRUPT 
REQUESTS (1 = CLEAR) 


HIGH ORDER BITS OF 
INTERRUPT VECTOR 


PF00571S 


Figure 2. Programming Model 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING UNIT 


Storage temperature range -65 to +150 
| Veo Supply voltage range? —0.5 to +7.0 


Voc 
Input voltage range? —0.5 to +5.5 
Voltage applied to output in OFF-State? —0.5 to +5.5 


RECOMMENDED OPERATING CONDITIONS 


UNIT 


| Min 
[oc | Sipovstgeraree ——SSSCSCSCS~—~—SCSCS~SY 
ir | Horiveinputvotags SSCS 
ie | tow ivetiputvotage ——SSCSCSCS~idC 
Tax | eowieetoupuwrent SOS 
Poe | PTAC Low ivclouptarent ———SCSCSCSCS~dC 
a 


Operating free air temperature range? 


—55 to +125 


DC ELECTRICAL CHARACTERISTICS -55°C < Ty < +125°C?, 4.5V < Voc < 5.5V 


LIMITS‘ 
SYMBOL PARAMETER TEST CONDITIONS 


Min | Max 
V Supply voltage 
V Input Low voltage 
he Input Low current Voc = 5.5V, Vi_ = 0.4V —400 
Input High current Voc = 5.5V, Vin = 2.7V 100 
Short circuit output current’® Voc = 5.5V, Vout = OV -15 —100 
loz Hi-Z Low output current, BD1 —- BD7 Voc = 5.5V, Vozy = 0.5V -—20 
| Hi-Z High output current, BD1 — BD7 Voc = 5.5V, Vozy = 2.5V 20 
100 
200 


fe) 

V Output Low voltage range, LDTACKN Voc = 4.5V, lo, = 20mMA 
All other outputs Voc = 4.5V, lo, = 8mA 

V Output High voltage range (except open collector) Voc = 4.5V, lou = 400A 

fo) 

cc 


Open collector leakage current range, LDTACKN Voc = 4.5V, Vout = 5.5V 
| Input leakage current Voc = 5.5V, V; = 5.5V 
V Input clamp voltage Voc = 4.5V, |; = 10mA 


UNIT 
V 
V 


iy 


los 


[LA 


cc 
IL 
IH 
ZH 
OL 
OH 
H 
IK 


mA 
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AC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc = 5.5V 
SYMBOL PARAMETER 


LIMITS UNIT 
RS valid to CSDSN Low set up time 

R/WN to CSDSN Low set up time 

LDTACKN Low to LD1 —7 valid 

LDTACKN Low to CSDSN High — Register read 
LDTACKN Low to CSDSN High — Register write 


OSCLK +2 


CSDSN High to LD1 — LD7 valid 


CSDSN Low to LDTACKN Low write access time 0.5CLK + 13 
LK 13 
CLK 29 
LK +34 
OLK+ 60 
CLK +7 
CLK + 25 
OSOLK~90 


IACKN High to BD1 — BD7 valid hold time'® 
DSN High to BD1 — BD7 valid hold time'® 


IACKN High to BD1 - BD7 3-State'5 a ee 
POSN Hight BDI7—BD7a-Sae™ Sid SSCSC~‘idC<C) 
SN igh BUFENNHighi® ————SSCSC~dSC is 
CIACKN High to BUFENNHigh®™ SCS id 
DSN High to DTACKN High'® re a 


IACKN High to DTACKN High'® 
IACKN High to |ACKNOUTN High'5 
DSN High to IACKOUTN High'® 
IACKN High time 

ACKN High to IACKINN High 


2 


totcs 


2 


o 


to 
st 
tcspT 


oi 
= 


S 


taccr 1.5CLK + 62 


tRwH2 


taccw 1.5CLK + 62 


~_ 


PO 


1.5CLK + 50 
1.5CLK + 79 
1.5CLK + 92 
1.5CLK + 120 
1.5CLK + 79 
1.5CLK + 79 


UKBF 


@) 


tiRA1 


toyo1 
toy 
tgFBD 


8 


MO 
“J 


tgrDT 0.5CLK +6 


toTik 
tiot 


tospT 
titst 


a 


7 


oS 


B 
tipF 37 


topTK 


tipTK 
tiouT 


tAKH 


ony, 
NIN 


INH 
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AC ELECTRICAL CHARACTERISTICS (Continued) -55°C < Ty, < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER 


pana Loan aie 
SS 
Tins | 4s | 6 | ReseTaLowime ———SSSSCSC~“~Ss~—“‘isSSECdC 
Tees | 48 | 7 (| Oockrigh ——SSCSC~“—~—~“~“~“~sSCti EC 
Tea | a7 7 Cocktow—SSC—“~—~“‘~‘“‘“‘~‘“~‘~sSCtiSYCdC 
ewes | ae) 7 a 


Clock period 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature and thermal resis- 


tance of 45°C/W junction to ambient for ceramic package. 
3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
4. Parameters are valid over specified temperature range. 
5. If the falling edge of IACKINN occurs last, then (19) is valid. If the falling edge of DSN occurs last, then (18) is valid. If the falling edges of 
IACKINN and DSN occur simultaneously, then either (19) or (18) is valid. 
6. If the falling edge of IACKINN occurs last, then (17) is valid. If the falling edge of DSN occurs last, then (21) is valid. If the falling edges of 
IACKINN and DSN occur simultaneously, then either (17) or (21) is valid. 
7. True only if no request pending on levels being acknowledged. If the falling edge of IACKINN and DSN occur simultaneously, then either (22) 
or (23) is valid. 
8. If the rising edge of IACKNN occurs first, then (24) is valid. If the rising edge of DSN occurs first, then (25) is valid. If the rising edges of both 
IACKNN and DSN occur simultaneously, then either (24) or (25) is valid. 
9. If the rising edge of IACKN occurs first, then (33) is valid. If the rising edge of DSN occurs first, then (34) is valid. If the rising edge of both 
IACKN and DSN occur simultaneously, then either (33) or (34) is valid. 
10. If the rising edge of IACKN occurs first, then (35) is valid. If the rising edge of DSN occurs first, then (36) is valid. If the rising edges of both 
IACKN and DSN occurs simultaneously, then either (35) or (36) is valid. 
11. If the rising edge of IACKN occurs first, then (38) is valid. If the rising edge of DSN occurs first, then (37) is valid. If the rising edges of both 
IACKN and DSN occur simultaneously, then either (38) or (37) is valid. 
12. If the rising edge of IACKN occurs first, then (40) is valid. If the rising edge of DSN occurs first, then (39) is valid. If the rising edges of both 
IACKN and DSN occur simultaneously, then either (40) or (39) is valid. 
13. True only if no request pending on level being acknowledged. If the rising edges of both IACKN and DSN occur simultaneously, then either 
(41) or (42) is valid. 
14. (8) is always greater than (7). 
15. Guaranteed, but not tested. 
16. Not more than one output should be shorted at one time and the duration of the short circuit should not exceed one second. 
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Figure 5 
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RESET TIMING 


RESETN | 


IACKOUTN / \ 


Figure 6. Reset Timing 


RESET TIMING 


Figure 7. Clock Timing 
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DESCRIPTION 

The Signetics 68155 is an asynchronous 
interrupt handler for VMEbus and 
VERSAbus® systems. Upto 14 interrupts 
are prioritized by the 68155 to one of 
seven levels and are output on the inter- 
rupt priority level lines (IPLON-IPL2N). 
The 68155 prioritizes the interrupts in the 
following manner: local bus requests over 
system bus requests with the non-mask- 
able interrupt (NMIN) considered the 
highest priority local interrupt (NMIN over 
IRQ7N, then LRQ6N-LRQiN over 
IRQ6N-IRQI1N). 


The local interrupt requests can be pro- 
grammed to be either active high or low, 
and either edge of level sensitive. The sys- 
tem bus interrupt requests are always ac- 
tive low and level sensitive. The 
non-maskable interrupt is always nega- 
tive edge-triggered. 


During a local interrupt acknowledge 
sequence, two modes of response are 
available: vectored mode or device-sup- 
plies-the vector mode. 


For system bus responses, the 68155 
works with a bus requester (for example, 
the 68172 VMEbus Controller), to acquire 
a status/ID byte (interrupt vector) for the 
system. 


The 68155 was designed primarily for in- 
terface to the VMEbus. For more informa- 
tion regarding the protocol definitions, 
proper use, and application of this device, 
refer to the VMEbus Specification Manual. 


Se 
VERSAbus is a registered trademark of Motorola, Inc. 
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PIN CONFIGURATION 


FEATURES 
@ Asynchronous Interrupt handler for 
VMEbus and VERSAbus® systems 


© Receives and prioritizes non-mask- 
able, six local and seven system 
bus interrupts 


© Interrupts may be polled in lieu of 
real-time operation 


© Programmable local interrupt re- 
sponse 


¢ Complete device status, including 
last interrupt acknowledged 


© High-speed bipolar technology 


ORDERING INFORMATION 


PACKAGE ORDERING CODE 
40—Pin Ceramic DIP 68155/BQA 
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BLOCK DIAGRAM 


READ/WRITE 
R/WN CHIP SELECT [________ » DTACKN 


Ra IACKDSN AND 
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CLK GENERATOR 
IPLON- 


PRECONDITION 
LRQIN -LRQ6N = LOGIC PRIORITY es: 
ENCODER IPL2N 


md IACKN LIACKN 


RESPONSE 


m4 LOGIC BIACKN 
LRQN 
PARAMETERS 
R5 


REGISTER IRON MASK 


R2 
LRQN 
IRQIN - IRQ7N VECTOR 


R6 REGISTER 
IRQN STATUS SELECT 


BD01463S 
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IRQ1N —-IRQ7N 


DO — D7 
LDTACKN 


IACKDSN 
LIACKN 
A1-A3 


GND 
IPLON — IPL2N 


BIACKN 
LRQ1N —LRQ6N 


Voc 
RESETN 
R/WN 
NMIN 
CLK 
CSDSN 


ABSOLUTE MAXIMUM RATINGS" 


SYMBOL PARAMETER RATING 
Storage temperature range -65 to +150 


December 4, 1987 


Product Specification 


68155 


NAME AND FUNCTION 


Supply Voltage: Supply voltage for internal gates. 


Bus Interrupt Request: Active—Low inputs for bus—generated interrupts. 


Bus Data: 3—State local data bus. 


Local Data Transfer Acknowledge: Acitive—Low, open-collector output. Indicates that valid data 
is available on the local data bus during interrupt acknowledge cycle or data transfer cycle. 


Interrupt Acknowledge: Active—Low interrupt acknowledge input from the local master. This 
signal must be qualified by the local master’s data strobe prior to input. 


Local Interrupt Acknowledge: Active—Low interrupt acknowledge totem-—pole output to the local 
interrupting devices. 


Address Lines: Address inputs from local master. 


Ground 


Interrupt Priority Level: Active—Low totem—pole outputs to the local master. The priority level of 
the interrupt request is encoded on these outputs. 


Bus Interrupt Acknowledge: Acitve—Low interrupt acknowledge totem-pole output to the 
system bus. 


Local Interrupt Request: User can define the active state of these inputs. 


Supply Voltage: +5V power supply. 

Reset: Active—Low input reset. 

Read/Write: This signal specifies the data transfer cycle to be either read or write. 
Non—Maskable Interrupt: Active—Low highest priority interrupt. 

Clock: Clock input (typically CPU clock). 


Chip Select: Active—Low chip select input for register I/O. This input must be qualified by the 
local master’s data strobe prior to input. 


Supply voltage range? -0.5 to +7.0 
Input voltage range? -0.5 to +5.5 


Voltage applied to output in OF F—State® —0.5 to +5.5 
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RECOMMENDED OPERATING CONDITIONS 


Supply voltage range 
Supply voltage range 
High level input voltage range 


Low level output current range 
High level output current range 


Operating free—air temperature range? 


[lon 


DC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C2, 4.5V < Voc < 5.5V5 


SYMBOL PARAMETER TEST CONDITIONS 


| Min 
Voc Supply voltage range 4.5 
loc Voc supply current range Vcc = 5.5V 100 mA 
Veep supply current range Veg = 1.65V 200 mA 


Input Low current range Voc = 5.5V, Vag = 1.65V, Vii = 0.4V 


Input High current range Voc = 5.5V, Veg = 1.65V, Vin = 2.7V 


Short circuit output current except 
LDTACKN 


Output Low voltage range 


Output High voltage except LDTACKN 
(open collector) 


Vec «= §.5V, Vout = 0V6 


Voc = 4.5V, Veg = 1.35V, lo, = 8MA 


Voc = 4.5V, Vag = 1.35V, lon = -3mA 


Input leakage current Voc = 5.5V, V; = 5.5V 


Open—Collector leakage current 
LDTACKN 


Input clamp voltage 


Voc = 4.5V, Vo = 4.5V 


Voc = 4.5V, lik =—-10mA 


Input Low voltage 


Input High voltage 
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AC ELECTRICAL CHARICTERISTICS -55°C < Ty < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER 


LIMITS UNIT 


taprRs 


o 
2 


2CLK + 175 


taccr CSDSN Low to LDTACKN Low read access time CLK + 33 


CSDSN High to R/WN High hold time 
CSDSN High to A1 — A3 valid hold time 


o 
z 


Ust 


tack 
tcsH 


CSDSN High time 
LDTACKN Low to CSDSN High 


CSDSN High to LDTACKN High time 
DO — D7 valid to CSDSN Low set up time 


2CLK + 175 


1?) 
77) 


taccw CSDSN Low to LDTACKN Low write access time CLK + 33 
toss 5,6&7 CSDSN High to IACKDSN Low set up time 
DL IACKDSN Low to LIACKN Low propagation time CLK + 33 


IACKDSN Low to DO — D7 vector valid 


2CLK + 175 


5 


CSDSN High to DO — D7 valid hold time 
CSDSN High to DO —- D7 3-State 34 


o 


AV 
2CLK + 175 


z 
z 
E 
06 
E 
: 
NOTES: 


1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature and thermal resis- 


tance of 60°C/W junction to ambient for ceramic package. 

This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
Parameters are valid over specified temperature range. 

All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 
<3ns maximum and output voltages are checked at 1.5V. 

At any time, no more than one output should be connected to ground. 

ttst is always greater than or equal to tot}. 

Signal number ttrst is always greater than or equal to signal number tpan. 


ttRSsT 
UKDT 


= 


DH 
toTik 


taDH 
tppL2 2CLK + 175 
tepH2 
tast 
tcKPD 
tCKH 


tCKL 


SNo FS © 
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REGISTERS 

The 68155 contains eight internal registers 
(RO —R7) accessible to the local master. There 
are also six sub-registers contained in register 
R1. Register RO specifies which sub-register is 
to be accessed in R1. Register R2 stores the in- 
terrupt vector for vectored mode responses. 
Register R3 and R85 are the interrupt mask re- 


Register RO — A3A2A1 = 000 
7 65 43 2 1 «0 


| B2-—Bi-—BO 
000 — none 


Register R1 — A3A2A1 = 001 
7 65 43 2 1 «0 


Register R2 — A3A2A1 = 010 


7 6 & 4.3 2 1 6 
R2} | | | | | | dd 
ee ee ee ee ee ee | 
Vector 
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gisters for the local and system bus interrupts, 
respectively. Registers R4 and Ré6 are the sta- 
tus registers for local and bus interrupts, re- 
spectively, allowing all interrupts to be polled. 
Register R7 can be read by the local master to 
determine the last interrupt acknowledged. 


Pointer register (write only). 


Alldata transfers between the 68155 and the lo- 
cal master are done using the local data bus 
(DO —D7), address bus (A1 —A3), achip select 
(CSDSN) and a read/write (R/WN) input. 


Bit 0 — 2 of RO specify which control sub—register CR1 — CR6 during an access of R1. 


During register I/O, bits 7 —3 will read as 0. 


100 —CR4 
001 -—CR1 101-—CR5 
010-CR2 110 —-CR6 
011-—CR3 111 none 


Control registers CR1 — CR6 (read or write). 


These six registers program the function of the local interrupt requests (LRQ1N — LRQ6N). 
(CR1 programs LRQIN, CR2 programs LRQ2N, etc.). 


During register I/O, bits 7 — 3 will be read as 0. 


LRQnN active state (High/Low) 
LRQnN edge/level sensitive 


LRQnN vector enable 


LRQ vector (read or write). 


(1 = active High) 
(1 = edge sensitive) 


(1 = enabled) 


Bits 7 — 3 of this register are the top five bits of the local interrupt vector. 
During register I/O, bits 2 — 0 will be read as zeros. 


LRQ vector output during local interrupt acknowledge (if vector enable = 1). 


100 — LRQ4N 
001 —-LRQIN 101 —LRQ5N 
010 —-LRQ2N 110 — LRQ6N 
011 —LRQ3N 111 -—NMIN 
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Register R3 — A3A2A1 = 011 
7 6 5 43 2 1 «0 


R3 | | | | | | | | | LRQ mask (read or write). 
This register allows the user to mask local interrupts. It also enables vectored 
| | | | | | | | | response for NMIN. 


NMIN Vector enable (1 = enabled) 
LRQN 1-6 mask (1 = interrupt enabled) 
NMIN mask (1 = NMIN enabled) 
Bit 1 = LRQIN Bit 5 = LRQ5N 
Bit 2 = LRQ2N Bit 6 = LRQ6N 
Bit 3 = LRQ3N Bit 7 = NMIN 
Bit 4 = LRQ4N 
Register R4 — A3A2A1 = 100 
7 6 5 43 2 1 «0 
R4 | | | | | | | | | LRQ status (read only). 

Local interrupts can be polled through this register. 

| | | | | | | | | During register I/O, bit 0 will be read as a 0. 
Bit 1 = LRQIN Bit 5 = LRQ5N 
Bit 2 = LRQ2N Bit 6 = LRQ6N 
Bit 3 = LRQ3N Bit 7 = NMIN 
Bit 4 = LRQ4N 


LRQN status (1 = interrupt pending) 
NMIN stauts (1 = interrupt pending) 


Register R5 — A3A2A1 = 101 
7 6 5 43 2 1 «0 


R5 | | | | | | | | | IRQ mask (read or write). 
This register allows the user to mask system bus interrupts. 
| | | | | | | | | During register I/O, bit 0 will be read as a 0. 
Bit 1 = IRQIN Bit 5 = IRQ5N 
Bit 2 = IRQ2N Bit 6 = IRQ6N 
Bit 3 = IRQ3N Bit 7 = IRQ7N 
Bit 4 = IRQ4N 


(1 = interrupt enabled) 


Register R6 — A3A2A1 = 110 
7 6 5 43 2 1 «0 


R6 | | | | | | | | | IRQ status (read only). 
System bus interrupts can be polled through this register. 
| | | | | | | | | During register I/O, bit 0 will be read as 0. 
Bit 1 = IRQIN Bit 5 = IRQ5N 
Bit 2 = IRQ2N Bit 6 = IRQ6N 
Bit 3 = IRQ3N Bit 7 = IRQ7N 
Bit 4 = IRQ4N 


IRQN status (1 = interrupt pending) 
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Register R7 — A3A2A1 = 111 


7 6 5 43 2 1 «90 


R7 | | |} | tt dd 

| | | | | | | | | During register I/O, bits 7 — 4 will be read as 0. 

Le 0000 — none 1000 — none 
0001 — IRQIN 1001 — LRQIN 
0010 — IRQ2N 1010 — LRQ2N 
0011 — IRQ3N 1011 — LRQ3N 
0100 — IRQ4N 1100 — LRQ4N 
0101 — IRQ5N 1101 — LRQ5N 
0110 — IRQ6N 1110 — LRQ6N 

0111 — IRQ7N 1111 — NMIN 

FUNCTIONAL OPERATION 


Typical Configuration 

The 68155 can handle interrupts from 14 
sources: seven bus interrupt requests gener- 
ated on the |RQ1N —IRQ7N inputs, six local in- 
terrupt sources generated on the LRQIN — 
LRQ6N inputs, and one non-—maskable inter- 
rupt which may originate locally or from the 
system (such as the system's AC fail signal). All 
interrupts are encoded to one of seven levels 
and output on the IPLON —IPL2N lines. Table 1 
shows how the 68155 encodes the interrupts. 


BIACKN is the bus interrupt acknowledge 
signal which is asserted during a bus interrupt 
acknowledge sequence. BIACKN can be used 
to get the associated bus requester (for exam- 
ple, the Signetics 68172), to acquire an 
interrupt vector from the system bus. Figure 1 
shows atypical 68155 —-68172 system configu- 
ration. 


LIACKN is the local interrupt acknowledge 
signal which is asserted during a local interrupt 
acknowledge sequence. Figure 2 shows a typi- 
cal configuration for the 68155. 


Non—Maskable Interrupt (NMI) 

The highest priority interrupt request is the 
non—maskable interrupt (NMIN). It = is an 
Active—Low, negative edge-triggered interrupt. 
NMIN is considered by the 68155 to be the 
highest priority local interrupt, however, the 
user is not restricted to having it representa lo- 
cal device. When the local master responds to 
an NMIN, bit 7 in the LRQ status register R4 is 
cleared to 0. 


Both vectored and device—supplies—the— 
vector modes are available with NMIN. 
However, it is recommended that the 68 155 re- 
sponse to an NMIN be a vectored mode inter- 
rupt acknowledge. 


Local Interrupts 

The 68155 can handle interrupts generated by 
local devices through its six local interrupt re- 
quest lines (LRQ1N—LRQ6N). The local inter- 
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Last interrupt acknowledged (read only). 


This register can be read by the local CPU to determine the last interrupt acknowledged. 


rupt requests are prioritized with LRQ6N being 
the highest priority, and LRQiN the lowest 
priority. 


The response of the 68155 to an acknowledge 
ofa local interrupt can be selected by means of 
the 68155 R1 register. Pointer register RO 
points to one of the six control sub-registers 
when accessing register R1. The six control re- 
gisters (CR1 — CR86) in register R1 define the 
functions of the six local interrupt requests 
(LRQ1N —LRQ6N). 


Control Register ‘n’ Bit 0 

Selects local interrupt requests ‘n’ (LRQnN), to 
be either Low or High. Bit 0 = 1 defines active 
state to be High. 


Control Register ‘n’ Bit 1 

Selects local interrupt request ‘n’, to be either 
edge or level sensitive. Bit 1 = 1 defines LRQnN 
to be edge sensitive. 


Control Register ‘n’ Bit 2 

Selects either vectored mode or device— 
supplies—the—vector mode response. Bit 2 = 1 
enables vectored mode operation for LRQnN. 


Two modes of operation for a local interrupt re- 
sponse are possible; vectored mode and devi- 
ce-supplies-the-vector mode. In vectored 
mode, the 68155 supplies the interrupt vector 
to the local CPU andasserts LDTACKN to com- 
plete the transfer. In the device—supplies—the— 
vector mode, the local interrupting device 
supplies its own interrupt vector and asserts 
LDTACKN to complete the transfer. 


The vector register R2 allows the user to pro- 
gram the five most significant bits (bits 7 — 3) of 
the interrupt vector supplied in vectored mode. 
During a vectored local interrupt acknowledge 
cycle, the upper five bits of the vector register 
are concatenated with a 3-bit interrupt level 
(address lines A3 = B2 of the vector, A2 = B1 
and A1 = BO). This forms the unique vector for 
the local interrupt request level being 
acknowledged. 


aad 


The local interrupt request mask register R3 al- 
lows the user to selectively enable local inter- 
rupt requests by setting appropriate bits in the 
register. 


The current state of the local interrupt requests 
can be determined by the local master by read- 
ing the local interrupt status register R4. 


Local Interrupt Acknowledge 

An interrupt acknowledge, by the local CPU, is 
signified by the assertion of the interrupt ac- 
knowledge input (IACKDSN). The 68155 re- 
sponds by reading the three address lines (A1 
— A3) to determine what level is being acknowl- 
edged. If a local interrupt is the highest priority 
interrupt pending on the level acknowledged, 
the 68155 will respond as though it is pro- 
grammed for that level. 


If vectored mode is programmed, the 68155 will 
assert the local interrupt acknowledge 
(LIACKN) and place the interrupt vector on the 
local data bus. To complete the transfer of the 
vector to the local CPU, the 68155 asserts the 
local data transfer acknowledge — signal 
(LDTACKN). 


If device—supplies-the-vector mode is pro- 
grammed, the 68155 asserts the local interrupt 
acknowledge signal (LIACKN). The interrupt- 
ing device is then allowed to place its own vec- 
tor on the local data bus and assert LDTACKN. 


When a local interrupt is acknowledged by the 
local master, the appropriate bit in the LRQ sta- 
tus register R4 is cleared to 0. 


Bus Interrupts 

The VMEbus specification defines a maximum 
of seven interrupt levels. The 68155 can handle 
seven system bus interrupts through its IRQ1N 
— IRQ7N lines. Bus interrupt requests are 
Active—Low level sensitive, and prioritized with 
IRQ7N being the highest priority and IRQIN 
the lowest priority. The bus mask control regis- 
ter R5 allows the user to selectively enable bus 
interrupt requests by setting appropriate bits in 
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the register. The local CPU can read the bus in- 
terrupt status register R6 to determine the cur- 
rent state of the bus interrupt requests. 


Bus Interrupt Acknowledge 

The local CPU asserts the interrupt acknowl- 
edge signal (IACKDSN) to signify an interrupt 
acknowledge. The 68155 responds by reading 
the interrupt level on A1 —A3 to determine what 
level is being acknowledged. If a local interrupt 
is not pending on the level acknowledged, and 
that bus level is not masked, the 68155 will as- 
sert bus interrupt acknowledge (BIACKN). If 
that bus level is masked, the 68155 will not re- 
spondto the interrupt acknowledge by the local 
master. 


Table 1. 


INTERRUPT 
REQUEST LEVEL 


NMIN, IRQ7N 
LRQ6N, IRQ6N 
LRQS5N, IRQ5N 
LRQ4N, IRQ4N 
LRQ3N, IRQ3N 
LRQ2N, IRQ2N 
LRQIN, IRQIN 

None 


CONTROL 
(MASN,DSI,ETC.) 


INTERRUPT PRIORITY LEVEL OUTPUTS 


IPL2N 


Part of the interrupt acknowledge sequence for 
a bus interrupt consists of acquiring a vector 
(status/ID byte) from the system bus. 


The bus signals required to acquire this vector 
are available with a bus controller. The 
Signetics 68172 bus controller can be used by 
the 68155 to acquire the vector (status/ID byte), 
thereby eliminating the need for the 68155 to 
duplicate this bus control functions. Because 
most interrupts are serviced by boards that al- 
ready have the 68172, a one-chip addition of 
the 68155 gives that board complete interrupt 
handling capability. 


68155 Interrupt Level Encoding 


IPL1N IPLON 
0 


0 
0 
1 
1 
0 
0 
1 
1 


DRIVERS 
AND 
TRANSCEIVERS 


DECODE e 
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Figure 1. Typical System Configuration 
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Since the 68155 is an asynchronous device, it 
is possible for alocal interrupt request to be as- 
serted during acknowledgement of a bus inter- 
rupt on the same level. The 68155 passes all 
local interrupt requests through transparent 
latches which close during each interrupt ac- 
knowledge cycle. All possibility of contention is 
therefore eliminated. 


Reset 
When RESETN is asserted, the 68155 drives 
LDTACKN, LIACKN, BIACKN and IPLON — 


IPL2N all High. The DO — D7 I/O pins go to 
3—State and all internal registers are cleared. 


AS, BR ETC. 


SYSTEM 
BUS 


IRQIN-IRQ7N 
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LOCAL 
INTERRUPT 
SOURCES 


LRQ1N-LRQ6N REGUESTS 


LIACKN IACKN 


IACKDSN 
68155 


R/WN NMIN AC FAILN 
CLK IRQIN -IRQ7N IRQIN-IRQ7N 
POWER UP 
RESETN SYSTEM 
RESET BUS 
DTACKN 
IPLON -IPL2N 


TO 68172 


VMEENN 
FROM 68172 


Figure 2. Local Master Configuration Using 68155 


Vep TEST CIRCUIT LOAD CONDITIONS 


2820, 1%, 1W 


8200 130pF 


TC22660S = 
TC22620S TC22630S 


Signals: DO - D7, LTACKN Signals: LDTACKN 
IPLON —IPL2N, BIACKN 
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Figure 8. Reset5 
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Figure 9. Clock 
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DESCRIPTION 

The Signetics 68172 VMEbus Controller 
(BUSCON) is an interface device for the 
VMEbus. It can be used in three different 
configurations: master-only, slave-only, 
and master/slave. The 68172 can be used 
with a processor-type interface or with a 
DMA controller-type interface. In all con- 
figurations, it handles the VMEbus signal- 
ing protocol in compliance with revisions B 
and C of the VMEbus Specification. 


CONFIGURATION/VERSION 
Applications of the BUSCON are identified 
as follows (see Figures 1 through 4): 


VERSION APPLICATION 


PMS Processor-type master/slave 

DMAC DMA controller/type master/ 
Slave 

MS Either PMS or (DMAC) 

M Master-only 

Ss Slave-only 


Allofthese applications are handled by the 
68172, with unused pins tied to stated 
logic levels in some of the applications. 


Figure 5 shows a functional model of the 
68172 logic. The ASN, MASN, LBRN, 
BGINN, and RELSE inputs are internally 
synchronized to CLK before being pres- 
ented to the state machine which deter- 
mines the major functions of the device. 
The SLVN, ONBD, and VMEN signals are 
used directly in the state machine, al- 
though they are highly qualified to prevent 
metastable conditions on the state ma- 
chine outputs. the BRN, BBSYN and 
LBGN signals are direct state machine 
outputs, while ASN, MASTENN, 
VMEENN, SLVSELN, and BGOUTN are 
derived from the state machine outputs 
plus some combinatorial qualification. 
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The DSI, R/WN, DTACKN, BERRN, 
LDTACKN, and LBERRN inputs function 
largely as direct combinatorial inputs. The 
DDIR, DTACKN, BERRN, LDTACKN, 
LBERRN, and (when applicable) MASN 
outputs are largely derived directly from 
these direct inputs, with some qualification 
from the state machine outputs. The 
DENN and DSENN outputs have complex 
multi-case logic which uses both the direct 
inputs and the state machine outputs. 


FEATURES 


e Master, slave, or master/slave (dual 
ported) applications 


e Helps assure VMEbus compatibility 
e Allows for address decoding time 


e Processor or DMA controller inter- 
face for master/requester 


e Master/requester logic allows re- 
lease on request (ROR) or release 
when done (RWD) operation, early 
or intercycle release 


e Supports and exploits address 
lookahead 


453 


PIN CONFIGURATION 


ORDERING INFORMATION 


DESCRIPTION ORDERING CODE 
28—Pin CERDIP 68172/BXA 
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PIN DESCRIPTION 
[unewowic [Pw No. [TYPE [ECONAG 
CLK 16 | All 


SLVN 


NAME AND FUNCTION 


Clock: User-supplied clock signal. 


Slave: Active-low decode of the VMEbus address and address modifier lines indicating that 
the current cycle is for this board. SLVN should not be qualified with ASN nor VMEENN. It is 
first sampled on the rising clock edge after the rising edge on which ASN is first detected. It 
must remain valid until after the next low-going edge on DTACKN or BERRN. In a mas- 
ter-only application, SLVN should be pulled up to Vcc. 


Address Strobe: Direct connect to VMEbus ASN. 


VME Decode: Active-low decode of the master’s address lines, indicating that the master’s 
current cycle is for a slave on the VMEbus. VMEN should not be qualified with MASN nor 
MASTENN. It is first sampled on the rising clock edge after the one on which MASN is first 
detected. Thereafter, it must remain valid until MASN goes false (high). In a slave-only config- 
uration, VMEN should be pulled up to Vcc. 


Local Bus Request: Connected to the low-active bus request output of a DMA controller. 
Typically tied to a high logic level in processor-type interfaces. 


Onboard: Active-high decode of the master's address lines, indicating that the master’s cur- 
rent cycle is for an onboard slave that is dual-ported with the VMEbus. ONBD should not be 
qualified with MASN or MASTENN. It is first sampled on the rising clock edge after the one 
on which MASN is first detected. Thereafter, it must remain valid until after MASN goes false 
(high). In a master-only or slave-only application, ONBD should be grounded. If a master/ 
slave configuration does not contain “local slaves” as shown in Figure 3, VMEN and ONBD 
should both be connected to an active-low “VME decode”. A cycle between the onboard 
master and a local slave (VMEN high, ONBD low) is ignored by BUSCON, and can proceed 
concurrently with a cycle between another VMEbus master and an onboard dual-ported 
slave. 


Master’s Address Strobe: RMW and Sequential VMEbus master cycles are accomplished 
by holding MASN low across several data strobes. If LBGN is high at the end of the RE- 
SETN low time, the state of ASN is driven onto MASN whenever BUSCON does not have 
control of the VMEbus. In a slave-only application, MASN should be pulled up to Vcc. 


MASTENN Master Enable: In a master/slave application, the low state of this signal enables the master 
onto the shared bus and enables shared-bus responses back t the master. MASTENN also 


provides the direction control for the VMEbus address transceivers. 
VMEENN 


VME Enable: Active-low enable for the VMEbus address drivers (master-only) or transceiv- 
ers (master/slave). 


SLVSELN Slave Select: Active-low select for the onboard slave resources (the shared/dual ported 
slaves in a master/slave application). Derived from MASN and ONBD, or from ASN and 
SLVN. If necessary, MASTENN and VMEENN are cycled to provide address setup time be- 


fore SLVSELN is asserted. 


BRN Bus Request: Active-low, open-collector VMEbus request. Direct connect to the selected 


level among VMEbus BRO* - BR3*. 


Bus Grant In: Direct connect to the selected level among VMEbus BGOIN* - BG3IN"*. 
Bus Grant Out: Direct connect to the selected level among VMEbus BGOOUT* - BG30UT"*. 


BGINN 
BGOUTN 
BBSYN 
LBGN 


Bus Busy: Active-low, open-collector direct connect to VMEbus BBSY*. 


Local Bus Grant: Active-low, open-collector. Can be connected to the bus grant input of a 
DMA controller. Asserted when LBRN is low and the BUSCON has control of the VMEbus. 
Grounded, or driven low during RESET, to prevent the ASN state being driven onto MASN 
when the BUSCON is not in control of the VMEbus. 


Release: Active-high signal indicating that the onboard logic wants to release control of the 
VMEbus. In DMA controller applications, the BGACKN output of the DMAC should be con- 
nected to (or positive-logic ANDed into) this signal. 


DTACKN Data Transfer Acknowledge: Active-low, open-collector. Direct connect to VMEbus 


DTACK*. 


Bus Error: Active-low, open-collector. Direct connect to VMEbus BERR". 


BERRN 


LDTACKN Local DTACK: Active-low, open-collector. Output to onboard master and/or input from on- 


board slave. 
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PIN DESCRIPTION (Continued) 


[unewonte [PIWWO. [TYPE [CONAG 


LBERRN 
DSI 
DSENN 


R/WN 
DDIR 


DENN 
RESETN 


Voc 
GND 


ADDRESS DECODING 

Both the VMEbus and current high-speed pro- 
cessors provide short address-to-strobe setup 
times, such that with all but the most simple de- 
code schemes, designers must provide for de- 
laying the strobe until decoder outputs have be- 
come valid. However, BUSCON operates as a 
finite-state machine and must synchronize ad- 
dress strobes and other inputs before it can act 
on them. The BUSCON design allows this syn- 
chronization time to be overlapped with ad- 
dress decoding. 


In general, most BUSCON inputs do not have 
critical timing parameters. Exceptions are the 
three address decode signals. Figure6 shows a 
somewhat simplified model of the VMEbus 
slave selection logic in the 68172. The ASN sig- 
nalis qualified and sampled by flip-flops AandB 
on each rising edge of CLK. Flip-flop C is set 
when ASN is high between cycles, and cleared 
by a falling edge on DTACKN or BERRN. 


On the rising edge of CLK after flip-flop B sam- 
ples ASN low, if C is still set and SLVN is low, 
flip-flop D is set, indicating slave selection. (In 
reality, there are more terms in the logic to set 
D.) Once D is set, it remains set until flip-flop A 
samples ASN high and a similar circuit (not 
shown) samples DSI low. 


Since SLVN is a direct inputto flip-flop D, it must 
meet a setup time to the clock after ASN is 
sampled low. Viewed asynchronously, SLVN 
shouldbe valid slightly less than one clock peri- 
od after ASN goes low, through shortly after 
DTACKN goes low. 


The onboard logic driven by MASN, VMEN, and 
ONBD is similar, but not as complex. Neither 
flip-flop C nor a data-strobe-related signal are 
used, and there are separate flip-flops corre- 
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NAME AND FUNCTION 
Local Bus Error: Onboard active-low, open-collector. Output to onboard master and/or input 


from onboard slave. 


Data Strobe: The high-active or of the onboard data strobes, which may be from the on 


board master or VMEbus master. 


Data Strobe Enable: Low-active, used to enable the onboard data strobes onto the VME 


bus. 


Read/Write: Onboard R/W signal from the onboard master or VMEbus master. 


Data Direction Control: Direction control for VMEbus data transceivers. A high level indi- 


cates the “onboard-to-VMEbus” direction. 


Data Enable: Low-active enable for VMEbus data transceivers. 


RESET: Low-active reset. Clears BUSCON logic. 


Power Supply: +5 volts. 


Ground: OV reference. 


sponding to D for each of the VMEN and ONBD 
signals. VMEN and ONBD should be valid 
slightly less than one clock period after MASN 
goes low, through shortly after MASN goes 
high. 


Because ASN and MASN are used directly to 
clear the corresponding “flip-flop B”, their mini- 
mum high times are relatively short. However, 
for consecutive cycles, the inactive time of 
“flip-flop D” (and signals derived from it) will be 
at least two clock periods because of the feed- 
back path from “D” to “B”. 


VMEbus ARBITRATION 

BUSCON begins VMEbus arbitration by driving 
BRN low if MASN, VMEN and ONBD indicate a 
VMEbus cycle (or if LBRN goes low) and the 
BUSCON does not have control of the bus. 


After driving BRN, BUSCON waits for the 
BGINN input whichis connected to the selected 
one among the four VMEbus arbitration levels. 
(During this time it can of course respond t 
cycles from other VMEbus masters.) When it 
receives BGINN low while holding BRN low, it 
drives BBSYN low and thereafter releases 
BRN. (If it receives BGINN low at any other 
time, it drives BGOUTN low and continues to do 
so until BGINN goes high.) 


Once BUSCON has driven BBSYN low, it waits 
for any current VMEbus cycle to complete as 
evidenced by ASN high. Then it begins to drive 
ASN (initially high) and drives VMEENN low to 
enable the address out onto the VMEbus. 


If the BRN was initiated by MASN, BUSCON 
then waits two clock periods for address setup 
time before driving ASN low. If the bus acquisi- 
tion was initiated by LBRN, it waits for MASN. 
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BUSCON will release the BBSYN signal on a 

rising clock edge at which all of the following 

conditions are met: 

1. Itis at least three clock periods after the 
edge on which BBSYN was asserted, and 


2. Any prior master's cycle has completed 
and VMEENN has been driven low, and 


3. The BGINN input was high on the last ris- 
ing clock edge, and 


4. The RELSE input was high on the last ris- 
ing clock edge, and 


5. Itis not the clock edge at which BUSCON 
asserts ASN, and 


6. Itis not the clock edge at which BUSCON 
withdraws ASN, and 


7. LBRN was high on the last rising clock 
edge. 


If BBSYN is released while BUSCON is not 
driving ASN low, then VMEENN goes high 
when BBSYN is released, to release the VME- 
bus. Otherwise, VMEENN goes high shortly be- 
fore ASN goes high. 


RELSE is provided to allow user determination 
of the method of VMEbus release. The 
BGACKN output of a DMA controller can be 
connected to (or included in) this signal to allow 
the device to control how long it keeps the bus. 
The OR of the VMEbus requests can be con- 
nected to (or included in) this signal for release 
on request (ROR) operation. If RELSE is con- 
nected to a constant logic high, BUSCON will 
release the bus as soon as possible, i.e. during 
the first bus cycle. 


Signetics Military Customer Specific Products Preliminary Specification 


VMEbus Controller (BUSCON) 68172 


SLAVES 


DS* DATA SEL* 


ocomec 


SLVSELN 
DSENN 
MASTENN 
VMEENN 
DDIR 
DENN 
ASN 
BBSYN 
DTACKN 
BERRN 
BRN 
BGINN 
BGOUTN 


BG3IN* — BGOIN* 


LD00760S 


Figure 2. Master-Only Application 
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BBSYN 
DTACKN 
BERRN 
BRN 
BGINN 
BGOUTN 


Figure 4. DMAC-Type Master/Slave Application 
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DECODE 


BBSY* 
DTACK’, BERR* 


BR3* —- BRO“ 
BG3IN* — BGOIN* 
BG30UT- - BGOOUT* 
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FULLY 
FULLY 
Pp iivialpannans O CLOCKED OUTPUTS: 


ASN, MASN, LBRN BRN, BBSYN, LBGN 
BGINN, RELSE 


QUALIFIED 
CLOCKED OUTPUTS: 
ASN, MASTENN, VMEENN, 
SLVSELN, BGOUTN 
SECOND-LEVEL 
CLOCKED INPUTS: 
SLVN, ONBD, VMEN 


QUALIFIED 
DIRECT INPUTS: DIRECT OUTPUTS: 
DSI, R/W, DTACKN, DDIR, MASN, DTACKN, 
BERRN, LDTACKN, BERRN, LDTACKN, LBERRN 
LBERRN 


COMPLEX 
OUTPUTS: 
DSENN, DENN 


L000790S 


Figure 5. Functional Model 


SLAVE CYCLE 


LDO00800S 


Figure 6. Simplified Model of the SCB68172 Slave Select Logic 
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VMEbus MASTER OPERATION 
When the BUSCON has VMEbus control, 
VMEbus cycles indicated on MASN and VMEN 
produce ASN low on the VMEbus. DDIR and 
DENN control the VMEbus data transceivers. 
DDIR reflects the R/WN line. 


In awrite operation, DENN is driven low to drive 
data onto the VMEbus whenever the BUSCON 
has control of the VMEbus, R/WN is low, and 
the previous VMEbus slave has released 
DTACKN and BERRN to high. (The DTACKN/ 
BERRN requirement does not apply to subse- 
quent cycles among consecutive writes, if R/ 
WN is maintained continuously low.) DSENN is 
then driven low when DENN has been low for 
more than a clock period, and DTACKN and 
BERRN are high, but not before ASN is driven 
low. DSENN goes high after DSI goes low or 
MASN goes high, whichever occurs first. DENN 
goes high after R/WN goes high, or with 
VMEENN going high, whichever occurs first. 


In aread operation (R/WN is high), DENN goes 
low to drive data in from the VMEbus after 
ONBD and VMEN have been sampled, DSI is 
high, and MASTENN is low. DSENN goes low 
after DSI, DTACKN, and BERRN are all high, 
but not before ASN goes low. DSENN and 
DENN go high after DSI goes low or MASN 
goes high, whichever occurs first. 


DTACKN and BERRN are inputs and drive 
LDTACKN andLBERRN as outputs. LDTACKN 
and LBERRN are released when the onboard 
master makes DSI low. If the VMEbus slave 
continues to hold DTACKN or BERRN low 
thereafter, DSENN, LDTACKN and LBERRN 
are inhibited for the next cycle until the re- 
sponse is released. 


MASTENN and VMEENN are kept low while 
the BUSCON has VMEbus control. The 
MAS-to-AS delay thus provides automatic ad- 
dress-setup time for subsequent VMEbus 
cycles. 


The need to transceive the data strobes in a 
master/slave application, plus qualify the 
on-board master’s strobes with DSENN for out- 
put, can be accomplished in several ways as 
shown in Figure 7. 


MASTER/SLAVE SWITCHING 


BUSCON includes arbitration and switching 
logic between VMEbus slave cycles and on- 
board master cycles (to a shared onboard slave 
or the VMEbus). The logic remains in its pre- 
vious direction until forced to switch by another 
cycle. This provides minimum overhead for 
slave-only or master-only operation, and for 
consecutive cycles from the same master. 


lf a master cycle to a shared slave occurs, or 
BGINN arrives when requesting the VMEbus, 
after a slave cycle with another VMEbus mas- 
ter, VMEENN goes high to disable the address 
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from the VMEbus. On the next clock edge, 
MASTENN goes low to enable the master's ad- 
dress back out onto the onboard bus. 


Fora VMEbus master cycle, if the current VME- 
bus cycle is also over, VMEENN then goes low 
to enable the address out onto the VMEbus. 


For a master cycle to a shared slave, SLVSELN 
goes low one clock period after MASTENN 
goes low, or if the master direction is continuing, 
after ONBD is sampled high. SLVSELN goes 
high shortly after MASN goes high. DTACKN 
and BERRN are isolated from LDTACKN and 
LBERRN. DSENN is kept high. DENN is kept 
high exceptin awrite cycle when BUSCON has 
VMEbus control. 


If an onboard master cycle and VMEbus slave 
cycle both arrive for the shared slaves within the 
same clock period, the previous direction of the 
master/slave switch is retained. 


VMEbus SLAVE OPERATION 

If a VMEbus slave cycle occurs after a master 
cycle, or while BUSCON is requesting the 
VMEbus, MASTENN goes high, and on the 
subsequent clock VMEENN goes low to enable 
the VMEbus address and control signals onto 
the board. 


SLVSELN goes low one clock period after 
VMEENN goes low, to signal the shard slave(s) 
that a cycle is occurring. If the slave mode is 
continuing, SLVSELN goes low after SLVN is 
sampled low. SLVSELN goes high shortly after 
ASN goes high. 


DDIRreflects R/WN (in the opposite sense from 
master operation). LDTACKN and LBERRN 
are inputs and drive DTACKN and BERRN as 
outputs. 


In write operations, DENN is driven low (to en- 
able data in) whenever R/WN is low and 
LDTACKN and LBERRN are high. When 
switching between master and slave operation 
with R/WN low, DENN sequences line 
VMEENN. 


In read operations, DENN is driven low (to en- 
able data out) after SLVN has been sampled 
low, and while R/WN and DS| are both high. 


SLAVE-ONLY USE 

This is the simplest application of the BUSCON. 
However, handling of board-selection logic 
from a simple VMEbus address decode, plus 
driving and sequencing of DTACKN and 
BERRN, can save VMEbus designers cost and 
board space even in this application. 


SLAVE DESIGN 

In the MS and S configurations, slaves operate 
off the data strobes and SLVSELN rather than 
address and data strobes. It should be noted 
that SLVSELN will typically go low after the data 
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strobes go low. Data should not be written nor 
placed on the data lines until SLVSELN goes 
low. 


68000 DUAL-PORTED 


OPERATION 

BUSCON is ideal for use on a VMEbus board 
containing a 68000 processor. The obvious ap- 
proach to dual-porting memory and other 
slaves, on a board with a 68000, is to use the 
BRN input of the 68000 to suspend processor 
operation while another master accesses the 
onboard slave. This works fine except when the 
processor has already started a cycle for the 
VMEbus. This latter coincidence threatens a 
“deadlock” situation and requires that the pro- 
cessor be “rolled back” off the board’s shared 
bus so that the other master’s cycle can occur 
first. The 68000 has a feature which can be 
used for this; assertion of both its BERRN and 
HALTN inputs cause it to suspend operation 
and retry the cycle when the inputs are re- 
leased. 


The BUSCON does not use these features be- 
cause there is a flaw in the retry logic. The retry 
logic does not function during an indivisible 
RMW sequence (TAS instruction), even in the 
read cycle. Instead, the assertion of BERRN 
and HALTN causes an actual bus error excep- 
tion. It is believed that there is no reliable and 
general programming solution to the problem of 
finding the start of the TAS instruction for re- 
start. With 6801x processors, the situation is 
better because the TAS can be restarted. In any 
case BUSCON elects to isolate the processor 
with a few more packages rather than adding 
complexity tot he error-handling software be- 
cause of dual-ported design. 


DMA USE 

The BUSCON can be used for VMEbus boards 
which contain a DMA controller but no proces- 
sor. Such DMA applications are always master/ 
slave due to the need to program the DMA con- 
troller from the VMEbus. There are two opera- 
tional features of the 68 172 that are intended for 
use with DMA controllers. First, the LBRN input 
can be used to request control of the VMEbus 
directly, rather than waiting for MASN low and 
VMEN low as in a processor application. Sec- 
ond, the SCB68172 samples the state of the 
LBGN pin when RESTN is low. If LBGN is low at 
the end of RESETN, MASN is used as an input 
only. If LBGN is high (at the end of the RESETN 
pulse), the BUSCON thereafter drives the state 
of VMEbus ASN onto MASN whenever it does 
not have control of the VMEbus. 


For 68000 family DMA controllers, MASN is 
connected directly to the controller's address 
strobe pin. The VMEbus ASN-to-MASN feature 
satisfies the requirement of some DMA control- 
lers that ASN be low on cycles which program 
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them, and also serves to delay the activity of a 
controller which gets an LBGN response during 
the last VMEbus cycle by another master. 


When LBRN is sampled low, the BUSCON has 
retained VMEbus control from previous DMA 
activity, it continues to retain control for the du- 
ration of LBRN being low, and drives LBGN low 
on the next clock. 


Otherwise, it drives VMEbus BRN low on the 
next clock. When BGINN is sampled low, 
BBSYN is driven low on the next clock. LBGN is 
driven low on the same clock as BBSYN if VME- 
bus ASN is high. If ASN is low, LBGN is driven 
low one clock after BBSYN, except when ASN 
low and BGINN are both sampled low for the 


Figure 7. Data Strobe Handling Alternatives in Master/Slave Applications 


INTERRUPT HANDLING 

When a processor handles interrupts from on- 
board sources and from the VMEbus, the de- 
sign must include logic to decide whether an in- 
terrupt acknowledge cycle is an onboard or off- 
board cycle. This logic is quite different from the 
address decoding logic used to make this deci- 
sion on other cycles. 


November 25, 1987 


first time in the same clock period and the VME- 
bus cycle addresses this board — in this last 
case, LBGN is driven low two clocks after 
BBSYN. Ineither of the last two cases, VMEbus 
ASN low makes MASN low before LBGN goes 
low, which keeps the DMA controller from start- 
ing until the current VMEbus cycle is over. 


Note that the local bus request/grant logic and 
ASN-to-MASN drive feature are separate capa- 
bilities, either or both of which can be used in 
applications not involving a DMA controller. 
However, note also that when the state of the 
ASN is driven onto MASN, this is done without 
conditioning by the state of the master-slave 
switch. This means MASN can go. low before 


Performance can be maximized if the interrupt 
logic can provide ONBD and VMEN within the 
specified time after MASN goes low, or if the 
signals can be made to meet their specified set- 
up and hold times for CLK. In this case ONBD 
and VMEN need be selected between the IACK 
andnon-lACK sources. Otherwise (i.e., if the in- 
terrupt logic presents these signals slowly and 
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MASTENN and VMEENN have been cycled to 
bring the VMEbus address onto the board. (The 
low state of SLVSELN indicates that the VME- 
bus address is valid on the board.) 


DMA applications are always considered mas- 
ter/slave due to the need to program the DMA 
controller. The BUSCON assumes that it must 
always have VMEbus control before answering 
an LBRN with LBGN. If this is not desired, i.e., if 
the DMA controller will sometimes be pro- 
grammedto do onboardtransfers solely and the 
designer wishes to optimize for this case, thena 
processor-type interface should be used, and 
isolation devices and additional onboard logic 
are required. 


L000811S 


asynchronously), MASN must also be selected 
between the IACK and non-IACK sources. 


MASTER BLOCK TRANSFER 

The block transfer feature of the VMEbus al- 
lows considerable performance improvement 
for transferring a block of consecutive memory 
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locations. The BUSCON can be used for block 
transfer operations in the master role. 


Master block transfers are applicable to cache 
subsystems or block transfer on processor 
boards, and to DMAC-type designs. The only 
requirements for master block transfers opera- 
tion with the BUSCON are that external logic 
must place a block transfer address modifier 
(AM) code on the VMEbus, and then hold 
MASN low across a number of data 
strobes.(Note that a long block transfer can 
compromise the operation of other VMEbus 
masters. One strategy to avoid such problems 
could be to do a minimum of 4 or 8 transfers 
without interruption, and then switch to release 
on request (ROR) operation.) 


A sample circuit for master block transfers is 
shown in Figure 8. Here, a block transfer is trig- 
gered whenever the DMAC accesses a certain 
range of addresses. The SEQ signal could of 
course be generated in other ways. 


SLAVE BLOCK TRANSFERS 
VMEbus slaves that are capable of block trans- 
fers latch the bus address into a set of counters 
on the leading edge of ASN, and then increment 
the address for each data transfer. The 68172 
can be used on such slave boards in accor- 
dance with revision C of the VMEbus specifica- 
tion. 


The revision C specification introduces a limita- 
tion on block transfers, namely that a master is 
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not allowed to continue a block transfer across a 
256-byte boundary. This limitation has a num- 
ber of advantages, including reducing the num- 
ber of counter devices needed on slave boards, 
allowing straightforward use of page or static 
column modes on dynamic memories, provid- 
ing periodic windows in a long block transfer in 
which higher-priority masters can gain bus con- 
trol, and (effectively) preventing a block transfer 
from crossing from one slave board to another. 


It is this last advantage that is of particular im- 
portance for the 68172. It means that VMEbus 
slaves can make a positive selection-decision 
after ASN goes low, and this decision will re- 
main valid for the duration of the cycle even if it 
is a block transfer cycle. 


In a_ block transfer which selects an 
68172-bused slave board, SLVSELN remains 
low through the block, until ASN goes high. The 
onboard slave logic then uses the data strobes 
to define each data transfer. 


The data strobe and acknowledge signals are 
handled in a high-speed combinatorial fashion 
by the 68172 in both the master and slave roles. 
Block transfers are inherently faster on the 
VMEbus because the address need be passed 
and decoded only once, and because the slave 
can look ahead (pipeline) subsequent transfers 
in a block read cycle. With the 68172, this in- 
herent speed advantage is augmented by the 
advantage of combinatorial over sequential (ar- 
bitrated) logic. 


DECODER 


Figure 8. Master Sequential Mode with DMAC 


461 


3-STATE ENABLE SWITCHING 
(MASTENN, VMEENN, DENN) 


As a result of speed optimization of master/ 
slave switching, some parts usedin PMS appli- 
cations may exhibit short high-going transients 
on MASTENN, VMEENN, and/or DENN, if re- 
quests for access to the shared slave(s) arrive 
closely in time from both the onboard master 
and the VMEbus master. These transients 
should pose no problem as long as the signals 
are used as intended (i.e., as 3-State enables). 
ae following points apply: 
. A transient will occur only when SLVSELN 
has been high for at least one clock 
period, and at least one clock period 
before a subsequent low on SLVSELN. 


2. A transient will occur only if the current 
master/slave direction is maintained. 


3. Low-going transients (which could cause 
3-State conflicts) do not occur. 


4. Commonly such transients will be elimi- 
nated by external capacitance, and/or re- 
jected by receivers on other parts. In any 
case the logic levels on signals controlled 
by these enable signals should not be 
affected. 


5. Edge-sensitive use of these signals is 
inadvisable in a PMS application. 


AM 
GENERATOR 


BUSCON 
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TEST CONDITIONS unless otherwise noted, the timing parameters are based on loading as follows: 


LOAD TYPE A 


LOAD TYPE B 


+5V 
470N 
OUTPUT 
6.19kM2 


LOAD TYPE D 


+5V 
470 
OUTPUT 
6.19k 


LOAD TYPE F 


+5V 
158N 
OUTPUT 
2nkN 


SIGNALS LOAD TYPE 
BBSYN,BERRN,BRN,DTACKN 


BGOUTN,DDIR,DENN,DSENN,SLVSELN, VMEENN 
LBERRN,LBGN,LDTACKN 


OUTPUT 


LOAD TYPE C 


OUTPUT 


LOAD TYPE E 


OUTPUT 


MASN 
ASH 


MASTENN 
NOTE: All capacitive loads calculated with 50pf board capacitance. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING 
Supply voltage range -0.5 to +7.0 
Input voltage range -0.5 to +5.5 
Storage temperature range -65 to +150 


SYMBOL PARAMETER TEST CONDITIONS 


DSI, ONBD, SLVN, VMEN, LBRN, RELSE, RESETN 


Input low current 


LIMITS UNIT 


Input high current 
Input low voltage 
Input high voltage 


Input low current 


Input high current 
Input low voltage 
Input high voltage 


Input low current 


Input high current 
Input low voltage 
Input high voltage 


BGOUTN, VMEENN, SLVSELN, DSENN, DENN, DDIR (low current totem pole) 
VoL Output low voltage lo. = 8mA, V 
Voc = 4.75V 
Vou Output high voltage lon = -0.4mA, 20 V 
Voc = 4.75V 
MASTENN (high current totem pole) 
VoL Output low voltage lo. = 24mA, V 
Voc = 4.75V 
Vou Output high voltage lon = -1mA, 2.7 V 
Voc = 4.75V 
MASN (low current 3-State) 
VoL Output low voltage lo. = 8mA, V 
Voc = 4.75V 
Vou Output high voltage lon = -0.4mA, 2.7 
Voc = 4.75V 
ASN (high current 3-State) 
VoL Output low voltage lo. = 64mA, V 
Voc = 4.75V 
Vou Output high voltage lon = -3mA, 27 
Voc = 4.75V 
LDTACKN, LBERRN, LBGN (low current open-collector) 
VoL Output low voltage lo = 8mA, V 
Voc = 4.75V 
lou Output leakage current VieS5.25V LA 
DTACKN, BERRN, BRN, BBSYN (high current open-collector) 
VoL Output low voltage lo = 48mA, 
Voc = 4.75V 
lou Output leakage current V=5.5V 
Voc Supply current Voc = 5.25V es a ee ee 
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AC ELECTRICAL CHARACTERISTICS Voc =5.0V+5%, Ta = -55°C to +125°C. 


in ae CHARACTERISTIC aoe UNIT | NOTES 
Clock and general parameters 

CLK cycle time (CLK) 40 

CLK low time 15 

CLK high time 15 


Asynchronous input setup time to CLK high 


4 19, 10, 11, 12, 13, 18,20 | ASN, MASN low 
5 | 9, 10, 11, 13 ASN, MASN high 
6 | 9, 10, 11, 12, 13, 20 SLVN, VMEN low 
7 | 11, 17, 18 SLVN, VMEN high 
8 |9, 10, 13 ONBD low 


9 
10 


18 
13, 16, 20 


ONBD high 

LBRN, RELSE, BGINN low 
11. | 14, 15 LBRN, RELSE, BGINN high 
12 | 11, 12, 13 DSI low (end of slave cycle) 


Asynchronous input hold time from CLK high 


Aaainananonna ui 


13 ASN, MASN, DSI 

14 ONBD, VMEN 

15 LBRN, RELSE, BGINN 
Propagation, CLK high to: 


16 
20 


BGOUTN low 
LBGN low 
LBGN high 
BBSYN, BRN low 
BBSYN, BRN high 

ASN low 

ASN high 

SLVSELN, VMEENN low 
MASTENN low 


13, 16, 20 
13, 20 
9,10, 13 
9,10 

11, 12, 13, 18, 20 
13, 18, 20 
Miscellaneous 


25 


RESETN width low 


27 | 16 BGINN high to BGOUTN high 
28 | 9, 11 R/WN high to DSI high (start of read cycle) 
29 | 9, 12 DSI low to RWN low (end of ready cycle) 


Address decoding 


SLVN high after DTACKN low 
VMEN, ONBD valid after MASN high 
MASN high 

DSI low 
ASN high 


13, 20 ASN low to BGINN low (early release by other master) 
13, 20 BBSYN low to BRN high 

13 ASN high to VMEENN low, DENN low (write) 

13, 16, 20 BBSYN or BGOUTN low to BGINN high 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


ee ie CHARACTERISTIC ie ee UNIT | NOTES 


VMEbus master cycles 


ASN low to DSEN low 

R/WN low to DDIR high 

DDIR high to DENN low (write) 

DTACKN and BERRN high to DENN low (write, 1st bus cycle 
or preceded by read) 

DENN low to DSENN low (write) 

R/WN high to DDIR low 

DDIR low to DENN low (read) 

DSI high to DENN low (read) 

DSI high to DSENN low (read) 

DTACKN and BERRN high to DSENN low 

DTACKN or BERRN low to LDTACKN or LBERRN low 
LDTACKN or LBERRN low to DSI low or MASN high 
DSI low to DSENN high 

MASN high to DSENN high 

R/WN high to DSENN high (after a write) 

MASN high to DENN high (read) 

DSI low to DENN high (read) 

R/WN high to DENN high (write) 

DSENN high to LDTACKN and LBERRN high 
DTACKN and BERRN high to LDTACKN and LBERRN high 


BBSYN low 

MASN high to VMEENN high or DENN high (early release, 
write) 

DENN (write) and VMEENN high to ASN high 

ASN high to ASN released (early release) 

DENN (write) and VMEENN high to BBSYN high (intercycle 
release) 


BBSYN high to RELSE low 


Clock high to MSTEEN high (Clock at which (External) ASN is 
detected low) 

SLVN low to MASTENN high 

SLVSELN high to MASTENN high 

VMEENN low to DDIR change 


12,13 R/WN low to DDIR low 

12, 13 DDIR low to DENN low (write) 

12 LDTACKN and LBERRN high to DENN low (write) 

12, 13 R/WN high to DDIR high 

11 DDIR high to DENN low (read) 

11 DSI high to DENN low (read) 

11, 12, 13, 18 SLVSELN low and DSI high to LDTACKN or LBERRN low 

11, 12, 13, 18 LDTACKN or LBERRN low to DTACKN or BERRN low 

12, 13 LDTACKN or LBERRN low to DENN high (write) 

1, 12,18, 18 DTACKN or BERRN low to DSI low or ASN high 

11 DSI low to DENN high (read) 

11, 12, 18, 20 ASN high to SLVSELN high 

11, 12, 13 DSI low to DTACKN and BERRN high 

11 DENN high to DTACKN and BERRN high 

11, 12, 13, 20 DSI low to DTACKN and LBERRN high 30, 32, 39 
11,42 LDTACKN and LBERRN high to (next) DSI high 30, 39 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


in ie CHARACTERISTIC Se UNIT | NOTES 


Slave to master switching 
clk+40 
10 40 
9 26 
0 
10 40 
Onboard cycles 


[Onboardeyses—SSSCSCSC“‘“SC“S~SCSSSSCSSCSS 
[im [1s —~*«~WASNhightoSLVSEINGHOCSC“‘“CSCSC#SN:SGOT CS OS® DC 
DMACTypeopersion SS SSSOSCSSCSCSCSSCSCSSSSS 


DMAC-Type operation 


Clock high to VMEENN, DENN (VMEbus slave write high) 
(Clock which MASN is detected low) 


ONBD high to VMEENN, DENN (VMEbus slave write) high 
VMEN low to VMEENN, DENN (VMEbus slave write) high 
SLVSELN high to VMEENN, DENN (VMEbus slave write) high 


Clock high to VMEENN, DENN (VMEbus slave write) high 
(Clock at which DSI (selected) is detected low) 


18 


13, 18, 20 


Clock high to MASN active (Clock from which BBSYN is driv- 
en high) 

ASN high to MASN active 

ASN low to MASN low 

ASN high to MASN high 

ASN high to MASN released 

LBGN low to MASN released 

LBGN low to LBRN high 
Notes on following page. 
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NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is stress rating only and 
functional operation of the device at these or at any other conditions other than those indicated in the Electrical Characteristics section of this 
data sheet is not implied. 


2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. Parameters are valid over specified temperature range. 

4. All voltage measurements are referenced to ground (Vss). For testing, all signals swing between 0.4V and 2.4V with a transition time of 10ns 
maximum. All time measurements are referenced at input voltages of 1.5V. 

5. These setup times guarantee recognition at a rising edge of CLK, but the device will operate correctly if they are not met. If the asynchronous 
input is changed between the setup and hold times, the new state of the input may be recognized at this clock or the following clock. 

6. These setup times are required on the rising edge of CLK following the one on which ASN or MASN is first recognized low. If parameters 30, 
31, and 32 are met, these parameters are automatically guaranteed. 

7. These hold times guarantee (continued) recognition of the signal state at a rising edge of CLK, but the device will operate correctly if they are 
not met. 

8. These hold times are required on the rising edge of CLK preceding the one on which MASN is first recognized high. Parameter 34 provides a 
more straightforward requirement which guarantees these times. 

9. This parameter applies after Vcc and the clock signal are both within the specified limits. 

10. These minimum times are to guarantee recognition. Operation will be limited by 44, 83, and 109 if the strobe is high for less than 2clk. 

11. BRN is driven low, and this acquisition sequence applies, only if BBSYN is high. 

12. VMEENN is driven low only when 41, 42, and 107 have been met. 

13. Applies to ASN or VMEbus cycle which does not select this board as a slave. 

14. ASN goes low when 43, 44, and 45 are met. 44 is not applicable on the first cycle after acquiring the VMEbus. 

15. In a write operation, DENN goes low when 41, 42, 48, 49, and 107 are met. 49 does not apply for subsequent cycles in a series of writes if 
R/WN is held low throughout. 

16. In a read operation, DENN goes low when all of 52, 53, 53A and (as applicable) 41A and 107A are set. 

17. In a write operation, DSENN goes low when 46, 50, and 55 are met. 55 is significant only for subsequent cycles in a series of writes with 
R/WN held low throughout. 

18. In a read operation, DSENN goes low when 46, 54, and 55 are met. 

19. DSENN goes high when either 58 or 59 is met. 

20. Applies only if R/WN remains low after a write cycle, so that DSENN goes low again. 

21.In a read operation, DENN goes high when either 63 or 64 is met. 

22. In a write operation, DENN goes high when either 64 or 71 is met 

23. LDTACKN and LBERRN go high when either 65 or 66 is met. 

24. BBSYN is always released in response to BGINN, RELSE, and LBRN all high. However, if this condition is detected during a clock period in 
which the decision to change ASN is made, the release of BBSYN is delayed one clock period so that 70 or 75 is met. 

25. MASTENN goes high when 78, 79, and 80 are all met. 

26. SLVSELN goes low when 82, 83, and 84 (as applicable) are met. 

27.\n a write operation, DENN goes low when 86 and 87 are met. 

28. In a read operation, DENN goes low when 89, 90, and 91 are met. 

29. The onboard slave(s) should wait for both SLVSELN and DSI before driving a response. 

30. Since BUSCON itself terminates DTACKN and BERRN when DSI goes low, the onboard slaves must meet this requirement to assure that a 
“lingering” LDTACKN or LBERRN is not presented as DTACKN or BERRN when the next DSI occurs. 99 is the real requirement - 98 max is 
derived from it, plus the 40ns minimum high time of VMEbus data strobes and an allowance for receiver skew. 

31. VMEENN goes high only when 100, (101 or 102), 103, and 104 are met. 104 applies only if a VMEbus slave cycle (with this board) is ending. 

32. The onboard slave(s) must meet this requirement so that the local response is not inadvertently presented to the onboard master. 

33. SLVSELN goes low when 108, 109, and 110 (as applicable) are met. 

34. MASN is driven out of Hi-Z state only when 112 and 113 are met. 

35. MASN is released to Hi-Z state only when 116 and 117 are met. 

36. The max figure applies only if BUSCON has keep VMEbus control (i.e., if BBSYN is low). 

37. LBGN goes high only when 123, 125, and 126 are met, but 125 and 126 apply only if a VMEbus slave cycle (with this board) is in progress. 

38. These parameters guarantee parameters 6 through 10, but are not absolute requirements. If these parameters are not met, parameters 6 
through 10, and 14 must be met for each clock edge from the one following the edge on which MASN or ASN is recognized low, until MASN 
or ASN goes high. 

39. Guaranteed, but not tested. 
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DERIVED AC CHARACTERISTICS The following parameters can be derived directly from the AC Electrical Characteristics. These will 
not be tested or characterized separately. 


ea CHARACTERISTIC i UNIT | NOTES 


Miscellaneous 


[2s [16 —~=*«z;BGINNiowio BGOUTWiow ———SS~“~*~*~*~S*C*d RTO JTC ws 


Address decoding 


11, 12, 13, 20 ASN low to SLVN valid clk-30 38 
9 10, 13, 18 MASN low to VMEN valid clk-30 38 
9, 10, 13, 18 MASN low to ONBD valid clk-22 38 


38 MASN low to BRN low clk+20 | 2clk+83 
39 BGINN low to BBSYN low clk+15 | 2clk+76 
41 BGINN low to VMEENN low, DENN low (write) 

41A BGINN low to DENN low (read) 

43 VMEENN low to ASN low 


VMEbus master cycles 


ASN high (successive VMEbus master cycles) 
MASN low to ASN low (subsequent cycle 
retaining VMEbus control) 

MASN low to DENN low (read) 

MASN high to ASN high (unless early release) 


clk+18 |} 2clk+70 


2clk+60 
2clk+75 


clk+12 | 2clk+35 
clk+12 | 2clk+42 


BGINN high to BBSYN high 
RELSE high to BBSYN high 

ASN low to BBSYN high (early release) 

ASN high to BBSYN high (intercycle release) 


Master to slave switching 


81 11, 20 MASTENN high to VMEENN low clk+ 13 
82 11, 13, 20 VMEENN low to SLVSELN low e39 clk 


VMEbus slave cycles 


SLVSELN high (successive slave cycles) 
ASN low to SLVSELN low (already in slave state) 
ASN low to DENN low (read) 


clk+13 | 2clk+74 
clk+22 | 2clk+80 


VMEENN high to MASTENN low 
MASTENN low to VMEENN low, DENN low (write, if next 
cycle on VMEbus) 

MASTENN low to DENN low 

(read, next cycle on VMEbus) 

MASTENN low to SLVSELN low (if next cycle on board) 


Onboard cycles 


109 18 SLVSELN high (successive onboard cycles) 3clk+22 
110 18 MASN low to SLVSELN low (MASTENN already low) clk+11 | 2clk+63 


DMAC-Type operation 


clk+15 
clk+18 
clk+18 
2clk+18 
clk+38 
clk+10 
clk+12 
2clk+15 
2clk+15 


2clk+76 
2clk+69 
2clk+69 
3clk+69 


LBRN low to BRN low (if BBSYN released) 
LBRN low to LBGN low 

BGINN low to LBGN low (ASN high) 
BGINN low to LBGN low (ASN low) 

MASN low (output) to LBGN low 

LBRN high to LBGN high 

LBRN high to BBSYN high 

ASN high to LBGN high (selected) 

DSI low to LBGN high (selected) 


2clk+69 
2clk+56 
3clk+71 
3clk+76 
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WF 17060S 


Figure 8.5 CLK Timing 


WF03940S 
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Figure 10. Write Cycle From Onboard Master to VMEbus Slave (Already in Control of VMEbus) 
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WF03960S 


Figure 11. Slave Read Cycle (Starting in Master Mode) 
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WF03970S 


Figure 12. Slave Write Cycle (Starting in Slave Mode) 
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Including Slave Write Cycle 
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 —————— 


WFO03990S 


Figure 14. “Early” VMEbus Release 
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WF04000S 


Figure 15. Intercycle VMEbus Release 
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WF04010S 


WF04020S 


Figure 17. Non-selecting Cycle on VMEbus 
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WF04030S 


(BY 68172) 


. MAS" DRIVEN . 
Pes se os —_—eee <— BY ONBOARD —> alae ar ae “ee posi. 
MASTER 


Oe 


WF04040S 


Figure 19. A* to MAS* Drive (DMA-Type Operation) 
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Figure 20. DMA-Type VMEbus Acquisition, With Slave Cycle From Another VMEbus Master 
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Product Specification 
Military Microprocessor Products 
DESCRIPTION FEATURES LOGIC SYMBOL 
The Signetics 80C31BH/80C51BH isa 8063150 microcontroller wilhiollt 
high-performance microcontroller fabri- ROM 


cated with Signetics high-density CMOS 


technology. The CMOS 80C31BH/ e8g0C51BH control-oriented micro- 
80C51BH is functionally compatible with controller 


substrate minimizes latch-up sensitivity. ~ Boolean processor 


The 80C31BH/80C51BH contains a 4K x — Full duplex serial channel 

8 ROM; a 128 x 8 RAM; 32 I/O lines; two 

16-bit counter/timers; a five-source, two- ® Memory addressing capability 
priority level nested interrupt structure; a — 64K ROM and 64K RAM 
serial I/O port for either multiprocessor 
communications, I/O expansion, or full du- 
plex UART; an on-chip oscillator and clock — Idle mode 

circuits. In addition, the 80C31BH/ — Power-down mode 
80C51BH has two software selectable 

modes of reduction; idle mode and pow- * CMOS and TTL compatible 
er-down mode. L$005738 


The idle mode freezes the CPU while 
allowing the RAM, timer, serial port, and 
interrupt system to continue functioning. C1, C2 = 30pF + 10pF for crystals 

C1, C2 = 40pF + 10pF for ceramic resonators 
The power-down mode saves the RAM 
contents but freezes the oscillator, 
causing all other chip function to be 
inoperative. 


the NMOS 8031/8051 microcontroller. eT ee Y 
The Signetics CMOS technology com- © 8031/8051 compatible < 
bines the high speed and density charac- —4Kx8ROM E 
teristics of HMOS with the low power - 128 x 8 RAM 2 
attributes of CMOS. Signetics epitaxial — Two 16-bit counter/timers 2 
c 
(2) 
< 


® Power control modes: 


SECONDARY 
FUNCTIONS 
ADDRESS BUS 


ORDERING INFORMATION 


* Factory will assign unique CVXXXX part number 
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CERDIP PIN CONFIGURATION LLCC PIN CONFIGURATION FLAT PACK PIN CONFIGURATION 


Vcc 
P0.0/ADO 
PO.1/AD1 
PO.2/AD2 
PO.3/AD3 
NC 

N/C 

N/C 
PO.4/AD4 


Voc 
P0.0/ADO 


PO.1/AD1 
PO.2/AD2 
P0.3/AD3 
P0.4/AD4 


PO.5/AD5 Pin Function i Function 


NC NC 

P1.0 A8/P2.0 PO.5/AD5 
P1.1 AQ/P2.1 PO.6/AD6 
P1.2 A10/P2.2 

P1.3 A11/P2.3 

P1.4 A12/P2.4 

P1.5 A13/P2.5 

P1.6 A14/P2.6 

P17 A15/P2.7 

RST 

RxD/P3.0 

N/C P2.5/A13 
TxD/P3.1 ; N/C 
INTO/P3.2 P0.7/AD7 : NIC 
INTT/P3.3 P0.6/AD6 

TO/P3.4 PO.5/AD5 

T1/P3.5 PO.4/AD4 P2.4/A12 
WR/P3.6 P0.3/AD3 P2.3/A11 
RD/P3.7 PO.2/AD2 P2.2/A10 
XTAL2 PO.1/AD1 

XTAL1 P0.0/ADO 


P0.6/AD6 
PO.7/AD7 


PO.7/AD7 


P2.7/A15 


1 
2 
3 
4 
5 
6 
7 
8 
9 


P2.7/A15 
P2.4/A14 


P2.6/A14 
P2.5/A13 
P2.4/A12 
P2.3/A11 
P2.2/A10 


N/C 
P2.1/A9 


P2.0/A8 


P2.1/A9 


P2.0/A8 
Vss Voc 
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BLOCK DIAGRAM 


P0.0-P0.7 P2.0-P2.7 


_-- 4H 


RAM ADDR. 
EGISTER 


aes ie 
¥ 


PROGRAM 


STACK ADDR. 
_—s 
iy) | 
: eae. 
REGISTER BVFFER 


a - 
ee EE INCREMENTER 
w -—; 


IE IP 


INTERRUPT, SERIAL 
PORT AND TIMER 


BLOCKS PROGRAM 


COUNTER 


TIMING 
ANO 
CONTROL | 


INSTRUCTION 
REGISTER 


| 
| 
| 
| 
| 
| 
| 
| 
| 
i 


meee ae eae a ae ee ee es aes ae ee ae ae ee ae ewe we wae wwe iw = eee ee ee ee ee ee ee ee ee Ce ee ee eS 


' 
XTAL 1 XTAL 2 


P1.0-P1.7 P3.0-P3.7 


BD00205S 
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PIN DESCRIPTION 


SYMBOL PIN NUMBER 
| DIP | LLCC | FLAT 
Vss 20 22 26 


Voc 
P0.0-P0.7 


NAME AND FUNCTION 


Circuit ground potential. 


| 


Supply voltage during normal, idle, and power-down operation. 


Port 0: Port 0 is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have 1's written 
to them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application it uses strong internal pull-ups when emitting 1's. Port 0 also outputs the 
code bytes during program verification in the 80C51B. 

External pull-ups are required during program verification. 


P1.0-P1.7 Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have 
1/s written to them are pulled High by the internal pull-ups and can be used as inputs. As 
inputs, Port 1 pins that are externally pulled Low will source current because of the internal 
pull-ups. (See DC Electrical Characteristic: |_) Port 1 also receives Low-order address 


bytes during program verification. 


P2.0-P2.7 Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 
1's written to them are pulled High by the internal pull-ups and can be used as inputs. As 
inputs, Port 2 pins that are externally being pulled Low will source current because of the 
internal pull-ups. (See DC electrical Characteristic: |\_) Port 2 emits the High-order ad- 
dress byte during fetches from external program memory and during accesses to external 
data memory that use 16-bit addresses (MOVX@DPTR). In this application it uses strong 
internal pull-ups when emitting 1’s. During accesses to external data memory that use 8-bit 
addresses (MOVX@Ri), Port 2 emits the contents of the P2 special function register. 


P3.0-P3.7 Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 
1’s written to them are pulled High by the internal pull-ups and can be used as inputs. As 

| inputs, Port 3 pins that are externally being pulled Low will source current because of the 
pull-ups. (See DC Electrical Characteristic: |\_) Port 3 also serves the special feature func- 


tions of the SC80C51 family, as listed below: 


RxD (P3.0): Serial input port | 
TxD (P3.1): Serial output port O 
INTO (P3.2): External interrupt | 
INT1 (P3.3): External interrupt | 
TO (P3.4): Timer 0 external input | 
T1 (P3.5): Timer 1 external input | 
WR (P3.6): External data memory write strobe O 
RD (P3.7): External data memory read strobe O 


Reset: A High on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vsg permits a power-on reset using only an external 
capacitor to Vcc. 


Address Latch Enable: Output pulse for latching the Low byte of the address during an 
access to external memory. In normal operation ALE is emitted at a constant rate of 1/6 

the oscillator frequency, and can be used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each access to external data memory. 


Program Store Enable: The read strobe to external program memory. When the 80C51B 
is executing code from external program memory, PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 


External Access Enable: EA must be externally held Low to enable the device to fetch 
code from external program memory locations OOOOH to OFFFH. If EA is held High, the 
device executes from internal program memory unless the program counter contains an 
address greater than OFFFH. 


Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


Crystal 2: Output from the inverting oscillator amplifier. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING UNIT 
Operating temperature range -55 to +125 °C 
-65 to +150 


Voltage from any pin to Vss5? -0.5 to Voc +0.5 


Power dissipation 


MAXIMUM Icc (mA) 
FREQUENCY 


OPERATING 
Vec 
1 


aMiz'6 8.3 . a ie 
z ; 1.8 
12MHz 12 1610 20 25 


Input Low voltage, except EA -0.5 0.2 Vcc - 0.25 
Input Low voltage, EA -0.5 0.2 Voc - 0.45 
Input High voltage, except XTAL1, RST 0.2 Vcc +.1.1 Vec +0.5 
Input High voltage, XTAL1, RST 0.7 Voc + 0.2 


Output High "ace ae 1,283 V 
Vec = 5V +/-10% 
lo = -25,1A 
0.75V, V 
Voc = SV +/-10% os 
lon = “TOA 0.9Vcc 
Voc = 5V +/-10% 
low = -400)LA y, 
Voc = 5V +/-10% 
lon = -150}1A 0.75Voc V 
Voc = 5V +/-10% 
lon = 401A 0.9Vec 
Vec = 5V +/-10% 


Logical 0 input current, ports 1,2 & 3 Vin = 0.45V 
Logical 1 to 0 transition current, ports 1,2 &3 Vin = 2V 
Input leakage, current port 0, EA 0.45V < Vin < Voc 


Test ee 1MHz, 
Pi it 


Output High voltage, port 0 in external bus mode, 
ALE, PSEN 
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AC SYMBOL DESIGNATIONS H = Logic level High W=WRITE signal 
Each timing symbol has five characters. The _ | = Instruction (Program Memory Contents) X = No longer a valid logic level 
first character is alwaysa “t"(t=time). Theoth- _L = Logic level Low or ALE Z = Float 
er characters, depending on their positions, in- P = PSEN Example: 
dicate the name of a signal or the logical status | Q = Output data tau. = Time for address valid to ALE Low. 
of that signal. The designations are: R = READ signal tip. = Time for ALE Low to PSEN Low. 
A = Address T = Time 
C = Clock V = Valid 
D = Input data 


AC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, Voc = 5V +/-20%, Vsg = OV, load capacitance for port 0, ALE, and 


PSEN = 100pF, load capacitance for all other outputs = 80 pF. 
SYMBOL PARAMETER VARIABLE CLOCK UNIT 


Program Memory (Figure 1) 


Oscillator frequency, 80C31BH/80C51BH 3.5 

ALE pulse width 2tcicL -55 

Address valid to ALE Low tcict -70 

Address hold after ALE Low tore -50 ns 
ALE Low to valid instr in 4tcitc. -115 ns 
ALE Low to PSEN Low tore. -55 ns 
PSEN pulse width 3tcici -60 ns 
PSEN Low to valid instr in 3teic -120 ns 
Input instr hold after PSEN 0 ns 
Input instr float after PSEN tcici -40 ns 
Address to valid instr in 5tcici -120 ns 


PSEN Low to address float 25 


External Data Memory (Figures 2 & 3) 


RD pulse width 6tcicy -100 

WR pulse width Btcic -100 

RD Low to valid data in Stoic. -185 
Data hold after RD 0 

Data float after RD 2tcici -85 
ALE Low to valid data in 8teic -170 
Address to valid data in Stoic -185 
ALE Low to RD or WR Low 3tcicy -65 3tcic_ +65 
Address valid to WR Low 4teicy -145 

Data valid to WR transition tec. -75 

Data hold after WR toric, -65 

RD Low to address float 


RD or WR High to ALE High 
External Clock (Figure 4) 


tcici -65 


High time 20 
Low time 20 
Rise time 


Fall time 


Serial Port Timing/Shift Register Mode (Figure 5) 
Serial port clock cycle time 


ns 


Lis 
ns 
ns 
ns 
10teic_ -133 ns 


12teLet 
10teicy -133 


Zicioy -117 
0 


Output data setup to clock rising edge 
Output data hold after clock rising edge 
Input data hold after clock rising edge 
Clock rising edge to input data valid 
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NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any conditions other than those described in the AC and DC Electrical Characteristics sec- 
tion of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying voltages greater than the rated maximum. 

3. Parameters are valid over operating temperature range unless otherwise specified. 

4. Capacitive loading on ports 0 and 2 can cause spurious noise pulses to be superimposed on the Vos of ALE and ports 1 and 3. The noise 
is caused by external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus opera- 
tions. In the worst cases (capacitive loading > 100pF), the noise pulse on the ALE line can exceed 0.8V. In such cases it could be desirable 
to qualify ALE with a Schmitt trigger, or to use an address latch with a Schmitt trigger STROBE input. 

5. Capacitive loading on ports 0 and 2 can cause the Voy on ALE and PSEN to momentarily fall before the 0.9 Vcc specification when the 
address bits are stabilizing. 

6. Power-down Icc is measured with all output pins disconnected; EA = port 0 = Voc; XTAL2 N.D.; RST = Vss. 

7. loc is measured with all output pins disconnected; XTAL1 driven with toicu, tcHcL = 5ns, Vit = Vss + -5V, Vin = Voc -.5V; 

XTAL2 N.C.; EA = RST = port 0 = Vcc. Icc will be slightly higher if a crystal oscillator is used. 

8. Idle Ilcc is measured with all output pins disconnected: XTAL1 driven with toicH, tec. = 5NS,Vi_ = Vssg + 5.V, Vin = Voc — -5V; XTAL2 N.C.; 
port 0 = Voc; EA = RST = Vgg. 

9. Cio is tested initially and after any design or process change which may effect capacitance. 

10. Parameter is guaranteed but not tested. 
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OSCILLATOR 


CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, re- 
spectively, of an inverting amplifier which can 
be configured for use as an on-chip oscillator, 
as shown in the logic symbol on Page 1. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
isleftunconnected. There are norequirements 
on the duty cycle of the external clock signal, 
because the input to the internal clock circuitry 
is through a divide-by-two flip-flop; however, 
minimum and maximum High and Low times 
specified in the data sheet must be observed. 


Table 2. 


MEMORY 


INSTR IN 


ADDRESS 
OR PORT 2 \ 


taVLL 
tavov 


ADDRESS 
OR_PORT 2 
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DESIGN CONSIDERATIONS 


At power-on, the voltage on Vcc and RST must 
come up at the same time for a proper start-up. 


Before entering the power-down mode, the 
contents of the carry bit and B.7 must be equal. 
(See Table 1.) 


IDLE MODE 

In the idle mode, the CPU puts itself to sleep 
while all the on-chip peripherals stay active. 
The instruction to invoke the idle mode is the 
last instruction executed in the normal operat- 
ing mode before the idle mode is activated. The 
CPU contents, the on-chip RAM, and all of the 
special function registers remain intact during 


External Pin Status During Idle and Power-Down Modes 


Wterer 


ADDRESS A15-A8 


Figure 2. Data Memory Read Cycle 


tLLax ——> 


+ triaz 


Figure 2. Data Memory Read Cycle 


486 


=) ar 
( ADDRESS A15-A8 


this mode. The idle mode can be terminated ei- 
ther by any enabled interrupt (at which time the 
process is picked up at the interrupt service rou- 
tine and continued), or by a hardware reset 
which starts the processor in the same manner 
as a power-on reset. 


POWER-DOWN MODE 

In the power-down mode the oscillator is 
stopped, and the instruction to invoke pow- 
er-down is the last instruction executed. Only 
the contents of the on-chip RAM are preserved. 
A hardware reset is the only way to terminate 
the power-down mode. The control bits for the 
reduces power modes are in the special func- 
tion register PCON. 


WF05155S 


taLan 
tRHDz 


tRHOX —> — 


SSeS 
(___________soonessaisawonront? SSCS 


WF01631S 
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tovwx tovwH <a ‘WHOX —» 


“4 AT-AO > c DATA OUT > 


tavwe 


< ADDRESS A15-A8 OR PORT 2 


WF01695S 


Figure 3. Data Memory Write Cycle 


0.2 Veg -0.1V 


WF 19893S 


bux — 


I tavxH >| < txHox | 
es | 


ry let = t 
WRITE TO SBUF XHOV | fe knox set 1 


— SET R1 


CLEAR TO RI 


WF 19880S 


Figure 5. Shift Register Mode Timing Waveforms 
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Vow -0.1V 


Vioap +0.1V 

~“e. TIMING REFERENCE - 
Vioap “« POINTS ~ 
Vioap -0.1V 


NOTE: NOTE: 

AC inputs during testing are driven at Vcc -0.5V for a logic "1" and 0.45V for a logic "0". For timing purposes a port pin is no longer floating when a 100mV change from load 

Timing measurements are made at Vy, min. for a logic "1" and V,, max. for a logic “0.” voltage occurs, and begins to float when a 100mV change from the loaded Vow/Va level 
occurs. Iq/loy > +20MA. 


Figure 6. AC Testing Input, Output Waveforms Figure 7. Float Waveforms 


Table 3. Instruction Set 


MNEMONIC DESCRIPTION BYTE CYCLES 


Arithmetic operations 


A,Rn Add register to accumulator 

A,direct Add direct byte to accumulator 

A,@Ri Add indirect RAM to accumulator 
A,R#data Add immediate data to accumulator 
A,Rn Add register to accumulator with carry 
A,direct Add direct byte to A with carry flag 
A,@Ri Add indirect RAM to A with carry flag 
A,#data Add immediate data to A with carry flag 
A,Rn Subtract register from A with borrow 
A,direct Subtract direct byte from A with borrow 
A,@Ri Subtract indirect RAM from A w/borrow 
A,#data Subtract immed. data from A w/borrow 
A Increment accumulator 

Rn Increment register 

direct Increment direct byte 

@Ri Increment indirect RAM 

A Decrement accumulator 

Rn Decrement register 

direct Decrement direct byte 

@Ri Decrement indirect RAM 

DPTR Increment data pointer 

AB Multiply A & B 

AB Divide A by B 

A Decimal adjust accumulator 


1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 


SS ae ee ee ee ee 
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Table 2. Instruction Set (Continued) 


Logical operations 
A,Rn AND register to accumulator 


ANL A,direct AND direct byte to accumulator 

ANL A,@Ri AND indirect RAM to accumulator 

ANL A,#data AND immediate data to accumulator 
ANL direct,A AND accumulator to direct byte 

ANL direct, #data AND immediate data to direct byte 

ORL A,Rn OR register to accumulator 

ORL A,direct OR direct byte to accumulator 

ORL A,@Ri OR indirect RAM to accumulator 

ORL A,#data OR immediate data to accumulator 
ORL direct,A OR accumulator to direct byte 

ORL direct, #data OR immediate data to direct byte 

XRL A,Rn Exclusive-OR register to accumulator 
XRL A,direct Exclusive-OR direct byte to accumulator 
XRL A,@Ri Exclusive-OR indirect RAM to A 

XRL A,#data Exclusive-OR immediate data to A 

XRL direct,A Exclusive-OR accumulator to direct byte 


Exclusive-OR immediate data to direct 
Clear accumulator 

Complement accumulator 

Rotate accumulator left 

Rotate A left through the carry flag 
Rotate accumulator right 

Rotate A right through carry flag 
Swap nibbles within the accumulator 


direct, #data 


A,Rn Move register to accumulator 


MOV A,direct Move direct byte to accumulator 

MOV A,@Ri Move indirect RAM to accumulator 

MOV A,#data Move immediate data to accumulator 

MOV Rn,A Move accumulator to register 

MOV Rn, direct Move direct byte to register 

MOV Rn,#data Move immediate data to register 

MOV direct,A Move accumulator to direct byte 

MOV direct, Rn Move register to direct byte 

MOV direct,direct Move direct byte to direct 

MOV direct,@Ri Move indirect RAM to direct byte 

MOV direct, #data Move immediate data to direct byte 

MOV @Ri,A Move accumulator to indirect RAM 

MOV @Ri,direct Move direct byte to indirect RAM 

MOV @Ri,#data Move immediate data to indirect RAM 

MOV DPTR,#data16 Load data pointer with a 16-bit constant 

MOVC A,@A + DPTR Move code byte relative to DPTR to A 

MOVC A,@A + PC Move code byte relative to PC toA 

MOVX A,@Ri Move external RAM (8-bit addr) to A 

MOVX A,@DPTR Move external RAM (16-bit addr) to A 

MOVX @Ri,A Move A to external RAM (8-bit addr) 

MOVX @DPTR,A Move A to external RAM (16-bit addr) 

PUSH direct Push direct byte onto stack 

POP direct Pop direct byte from stack 

XCH A,Rn Exchange register with accumulator 

XCH A,direct Exchange direct byte with accumulator 
A,@Ri Exchange indirect RAM with A 


A,#Ri Exchange Low-order digit ind. RAM w/A 
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Table 2. Instruction Set (Continued) 


MNEMONIC DESCRIPTION BYTE CYCLES 


Boolean variable manipulation 


Clear carry flag 

Clear direct bit 

Set carry flag 

Set direct bit 

Complement carry flag 
Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry 
OR direct bit to carry flag 

OR complement of direct bit to carry 
Move direct bit to carry flag 

Move carry flag to direct bit 


MMNMDMMNM NM —~NM —~ND — 


Program and machine control 


addr 11 Absolute subroutine call 
addr 16 Long subroutine call 

Return from subroutine 

Return from interrupt 
addr 11 Absolute jump 
addr 16 Long jump 
rel Short jump (relative addr) 
@A + DPTR Jump indirect relative to the DPTR 
rel Jump if accumulator is zero 
rel Jump if accumulator is not zero 
rel Jump if carry flag is set 
rel Jump if no carry flag 
bit,rel Jump if direct bit set 
bit,rel Jump if direct bit not set 
bit,rel Jump if direct bit is set & clear bit 
A,direct,rel Compare direct to A & jump if not equal 
A,#data,rel Comp. immed. to A & jump if not equal 
Rn, #data, rel Comp. immed. to reg. & jump if not equal 
@Ri,#data,rel Comp. immed. to ind. & jump if not equal 
Rn, rel Decrement register & jump if not zero 
direct,rel Decrement direct & jump if not zero 

No operation 


=~ WNMNWWOWWWWWNHNMNMNM—NWND —— WP 


Notes on data addressing modes: 


Rn —Working register RO-R7 

direct —128 internal RAM locations, any I/O port, control or status register 

@Ri —Indirect internal RAM location addressed by register RO or R1 

#data —8-bit constant included in instruction 

#data16 —16-bit constant included as bytes 2 & 3 of instruction 

bit —128 software flags, any I/O pin, control or status bit 

Notes on program addressing modes: 

addr16 —Destination address for LCALL & LUMP may be anywhere within the 64-kilobyte program memory address space. 

addr11 —Destination address for ACALL & AJMP will be within the same 2-kilobyte page of program memory as the first byte of the 
following instruction. 

rel —SJMP and all conditional jumps include an 8-bit offset byte. Range is + 127 — 128 bytes relative to first byte of the following 
instruction. 
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Table 4. —_‘ Instruction Opcodes in Hexadecimal Order 


code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@RI1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6& 

A,R7 

code addr 
code addr 
C, bit addr 
@A+DPTR 
A,#data 
data addr,#data 
@RO,#data 
@R1,#data 
RO,#data 
R1,#data 
R2,#data 
R3,#data 
R4,#data 
R5,#data 
R6,#data 
R7,#data 


code addr 
code addr 
A 

A 

data addr 
@RO 
@RI1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

bit addr, code addr 
code addr 
code addr 
A 

A 

data addr 
@RO 
@RI1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

bit addr, code addr 
code addr 


A 

A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 


bit addr, code addr 
code addr 


A 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 
A,R1 
A,R2, 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 


1 
2 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
e 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


VM MMNMNMNMNYNMWNM=]$MNM ABBA BeBe BeBe NNMWNHND =H BBB BBB DNONMWNNND HHH] 42 4242424242 NNWNND 
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Table 3. 
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WWWWWWWWWW WW — MY MYM MM MMMM MPP /— Pl 


SJMP 
AJMP 
ANL 
MOVC 
DIV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
ORL 
AJMP 
MOV 
INC 
MUL 
reserved 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
ANL 
ACALL 
CPL 
CPL 
CJUNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJUNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 


instruction Opcodes in Hexadecimal Order (Continued) 


code addr 
code addr 

C, bit addr 
A,@A + PC 
AB 

data addr,data addr 
data addr,@RO 
data addr,@R1 
data addr,RO 
data addr,R1 
data addr,R2 
data addr,R3 
data addr,R4 
data addr,R5 
data addr,R6 
data addr,R7 
DPTR,#data 
code addr 

bit addr,C 
A,@A + DPTR 
A,#data 
A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

C,/vit addr 
code addr 

C, bit addr 
DPTR 

AB 


@R0O,data addr 
@Ri1,data addr 
RO,data addr 

R1,data addr 

R2,data addr 

R3,data addr 

R4,data addr 

R5,data addr 

R6,data addr 

R7,data addr 

C,/bit addr 

code addr 

bit addr 

C 

A,#data,code addr 
A,data addr,code addr 
@RO,#data,code addr 
@R1,#data,code addr 
RO,#data,code addr 
R1,#data,code addr 
R2,#data,code addr 
R3,#data,code addr 
R4,#data,code addr 
R5#data,code addr 
R6,#data,code addr 
R7,#data,code addr 


asta est et est eet es st et st st a st ss a st a et est et fl) SS S| = PD = AD AD A NA NPD NP PP — | DW | |= PND —@ @ S@ Ss Ss SG St St SB SS DS —S DD PO 
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data addr 
code addr 

bit addr 

C 

A 

A,data addr 
A,@RO 
A,@RI1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

data addr 
code addr 

bit addr 

C 

A 

data addr,code addr 
A,@RO 
A,@RI1 
RO,code addr 
R1,code addr 
R2,code addr 
R3,code addr 
R4,code addr 
R5,code addr 
R6,code addr 
R7,code addr 
A,@ DPTR 
code addr 
A,@RO 
A,@RI1 

A 

A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

@ DPTR,A 
code addr 
@RO,A 
@R1,A 

A 


data addr,A 
@RO,A 
@R1,A 
RO,A 
R1,A 
R2,A 
R3,A 
R4,A 
R5,A 
R6,A 
R7,A 
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DESCRIPTION FEATURES LOGIC SYMBOL 
The oe 1830451 is an i © 800451 — CPU with RAM and I/O 
expanded, single-chip microcontroller 

fabricated with Signetics high-density epi- ° 83C451 i po with mask-pro- 
taxial CMOS technology. It is offered ina daa 
68-pin LLCC and a 64-pin DIP. The Sig- ® 68-pin LLCC and 64-pin DIP pack- 
netics CMOS technology combines the ages 


high-speed and high-density characteris- — Seven 8-bit I/O ports (LLCC ver- 
tics of HMOS with the low power of sion) Ls Dar Bus 
CMOS. Signetics epitaxial substrate mini- — Six 8-bit ports and one 4-bit port =| 
mizes latch-up sensitivity. (DIP version) 
The 80C451/83C451 is a functional ex- © Port 6 features: 
tension of the 80C31/80C51 microcontrol- = — 8 data pins KR | = 
ler with three additional /O ports andfour =~ 4 control pins runcrons ome 5 | sponess 
VO controllines. The LLCC versionhasa —__ pjrect MPU bus interface 7 
total of 68 pins. The DIP version has a ~ Parallel printer interface 
total of 64 pins. The four added control 
lines associated with port 6 facilitate ¢ Pin compatible with 87C451 micro- 
high-speed asynchronous 1/O functions. controller cota a 
@ i ° AFLAG 
The 80C0451/83C451 includes a 4k x 8 Sa ine micloegntnolien: 


— 80C51 CPU 


ROM; a 128 x 8 RAM; 56 (LLCC) or 52 
— 4k x 8 ROM (83C451 only) 


(DIP) I/O lines; two 16-bit timer/counters; 


a five source, two priority level, nested in- _— 1288 RAM 

terrupt structure; a serial I/O port for either — Two 16-bit timer/counters 

a full-duplex UART, I/O expansion, or mul- — Full-duplex serial I/O Le. 30 pid + 10pfd for crystals 
tiprocessor communications; and on-chip — Two external interrupts = 40 pid + 10 pfd for ceramic resonators. 


oscillator and clock circuits. ¢ External memory addressing capa- 
The 800451/83C451 has two software bility: 

selectable modes of reduced activity for — 64k ROM and 64k RAM 

further power reduction; idle mode and 
power-down mode. Idle mode freezes the 
CPU while allowing the RAM, timers, ser- 


© Low power consumption: 
— Normal operation: 24mA typical 


ial port, and interrupt system to continue @ SV, 12MHz 

functioning., Power-down mode freezes  ~ !dle mode: 3mA typical @ 5V, 
the oscillator, causing all other chip func- 12MHz 

tions to be inoperative while maintaining — Power-down mode: 50,/A typical 
the RAM contents. @ 2V 
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PIN CONFIGURATIONS 


EA 
P2.0/A8 
P2.1/A9 

P2.2/A10 
P2.3/A1 
P2.4/A12 
P2.5/A13 
P2.6/A14 
P2.7/A15 
P0.7/AD7 
P0.6/AD6 


P0.5/AD5 


P0.4/AD4 iDS in Function in Function 


EA RST 
P2.0/A8 P3.0/R » D 
P2.1/A9 P3.1/T x D 
P2.2/A10 P3.2/INTO 
P2.3/A11 P3.3/INT1 
P2.4/A12 P3.4/T0 
P2.5/A13 P3.5/T1 
P2.6/A14 P3.6/WR 
P2.7/A15 P3.7/RD 
P0.7/AD7 P5.0 
P0.6/AD6 P5.1 
P0.5/AD5 P5.2 
P0.4/AD4 P53 
P0.3/AD3 P5.4 
P0.2/AD2 P55 
P0.1/AD1 P5.6 
P0.0/ADO P5.7 
Vec XTAL2 
P4.7 XTAL1 
P51 bag ee 
P5.0 P4.5 ODS 
P4.4 IDS 
P3.7/RD P4.3 BFLAG 
P4.2 AFLAG 
P3.6/WR P44 P6.0 
P4.0 P6.1 
P3.5/T1 P10 P62 
P1.1 P6.3 
P3.4/T0 P12 P64 
P1.3 P6.5 
P14 P6.6 
NTO P1.5 P6.7 
RST P3.2/INTO ee 


P3.0/RxD P3.1/TxD P1.7 


P0.3/AD3 
P0.2/AD2 
P0.1/AD1 


P0.0/ADO 


1 
2 
3 
4 
5 
6 
7 
8 
9 


P5.2 


P3.3/INT1 


TOP VIEW 
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ORDERING INFORMATION 


PACKAGES ORDER CODE 
64-Pin Ceramic DIP 80C451/BXA 83C451*/BXA 
68-Pin LLCC 80C451/BUA 83C0451*/BUA 


NOTES: 
* Factory will assign a unique CVXXXX part number. 


BLOCK DIAGRAM 


P0.0-P0.7 P2.0-P2.7 P4.0-P4.7 P5.0-P5.7 
e@eeee | e 
eeeee eeeoee @eeeee 
PORT 2 PORT 4 PORT 5 

DRIVERS DRIVERS DRIVERS 


PROGRAM 
ADDR. 
REGISTER 


INTERRUPT, SERIAL 
PORT AND TIMER 
BLOCKS 


TIMING 


AND INSTRUCTION 


REGISTER a 
PORT1 PORT 6 
LATCH LATCHES 
PORT 1 PORT 6 eas PORT 6 
DRIVERS DRIVERS CONTROL/STATUS 
XTALI XTAL2 4 pei : ae 
eeeee eeeee @eeee 


] P1.0-P1.7 P6.0-P6.7 IDS ODS AFLAG BFLAG P3.0-P3.7 


ag 
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PIN CONFIGURATION 


PIN NUMBER NAME AND FUNCTION 
| DIP | LLCC | TYPE 
Vss 50 | 54 


Voc Power Supply: +5V 


P0.0-P0.7 Port 0: An 8-bit open drain, bidirectional |/O port. Port 0 is also the multiplexed low-order address 
and data bus during accesses to external memory, and outputs instruction bytes during program 
verification. External pull-ups are required during program verification. Port 0 can sink/source eight 
LS TTL inputs. 


P1.0-P1.7 Port 1: An 8-bit bidirectional I/O port with internal pull-ups. Port 1 receives the low-order address 
bytes during program verification. In the 83C451, port 1 can sink/source three LS TTL inputs, and 
drive CMOS inputs without external pull-ups. 


P2.0-P2.7 Port 2: An 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order address 
bytes during accesses to external memory and receives the high-order address bit and control sig- 
nals during program verification in the 83C451. Port 2 can sink/source three LS TTL inputs and 
drive CMOS inputs without external pull-ups. 


P3.0-P3.7 Port 3: An 8-bit bidirectional I/O port with internal pull-ups. Port 3 can sink/source three LS TTL 
inputs and drive CMOS inputs without external pull-ups. Port 3 also serves the 83C451 special 
functions listed below: 

RXD (P3.0): Serial input port 

TXD (P3.1): Serial output port 

INTO (P3.2): External interrupt 0 

INTT (P3.3): External interrupt 1 

TO (P3.4): Timer 0 external input 

T1 (P3.5): Timer 1 external input 

WR (P3.6): External data memory write strobe 
RD (P3.7): External data memory read strobe 


P4.0-P4.3 Port 4: A 4- or 8-bit bidirectional port with internal pull-ups. Port 4 can sink/source three LS TTL 
P4.0-P4.7 inputs and drive CMOS inputs without external pull-ups. 


P5.0-P5.7 40-47 | 44-51 Port 5: An 8-bit I/O port with internal pull-ups. Port 5 can sink/source three LS TTL inputs and 
drive CMOS inputs without external pull-ups. 


Ground: OV reference 


P6.0-P6.7 Port 6: A specialized 8-bit bidirectional I/O port with internal pull-ups. This special port can sink/ 
source three LS TTL inputs and drive CMOS inputs without external pull-ups. Port 6 can be used in 
a strobed or non-strobed mode of operation, and in conjunction with four control pins that serve the 
functions listed below. 


Port 6 Control Lines: 
ODS: Output data strobe 
IDS: Input data strobe 
BFLAG: A bidirectional I/O pin with internal pull-ups 
A FLAG: A bidirectional I/O pin with internal pull-ups 


RESET: A High level on this pin for two machine cycles while the oscillator is running resets the 
device. An internal pull-down resistor permits power-on reset using only a capacitor connected to 
the Voc. 


Address Latch Enable: An output for latching the Low byte of the address during accesses to 
external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency except during 
an external data memory access, at which time one ALE is skipped. ALE can sink/source eight LS 
TTL inputs and drive CMOS inputs without an external pull-up. 


Program Store Enable: This output is the read strobe to external program memory. PSEN is acti- 
vated twice each machine cycle during fetches from external program memory; however, when 
executing out of external program memory, two activations of PSEN are skipped during each ac- 
cess to external data memory. PSEN is not activated during fetches from internal program memory. 
PSEN can sink/source eight LS TTL inputs and drive CMOS inputs without an external pull-up. 


Instruction Execution Control: When EA is held High, the CPU executes out of internal program 
memory, unless the program counter exceeds OFFFH. When EA is held Low, the CPU executes 
out of external program memory. EA must never be allowed to float. 


Crystal 1: An input to the inverting amplifier that forms the oscillator. This input receives the exter- 
nal oscillator when an external oscillator is used. 


Crystal 2: Output of the inverting amplifier that forms the oscillator. This pin should be floated when 
an external oscillator is used. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING 
Voc 


Voc Voltage from Vcc to Vss? -0.5 to +6.5 
Voltage from any pin to Vss? -0.5 to Voc +0.5 


DC ELECTRICAL CHARACTERISTICS T, = -55°C to +125°C, Voc = 5V + 20%, Vsg = OV. 


Input Low voltage, except EA -0.5 
Input Low voltage, EA -0.5 
Input High voltage, except XTAL1, RST 0.2 Voc +0.9 
Input High voltage, XTAL1, RST 0.7 Vcc 
Output Low voltage, ports 1,2,3,4,5,6, AFLAG, BFLAG lo. = 1.6mA4 
Output Low voltage, port 0, ALE, PSEN lo. = 3.2mA4 
Output High voltage, ports 1,2,3,4,5,6, AFLAG, BFLAG Voc = 5V 410% 

lon = -6OLLA 

lon = -251A 

lou = -10L1A 
Output High voltage, port 0 in external bus mode, Voc = 5V 410% 
ALE, PSEN lon = -400L1A 

lon =-1501A 

lon = -40)LA® 
Logical 0 input current, ports 1,2,3,4,5,6, AFLAG, BFLAG 


Logical 1 to 0 transition current, ports 1,2,3,4,5,6, AFLAG, 
BFLAG 


Input leakage, current port 0, EA, IDS, ODS 


Reset pulldown resistor 


Test freq= 1MHz 
Cc P ce? 
aca Ta = 25°C 


MAXIMUM Icc (mA) 


3.5MHz!° 
8.0MHz!° 


12MHz 
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AC ELECTRICAL CHARACTERISTICS T, = -55°C to +125°C, Voc = 5V + 20%, Vsg = OV, load capacitance for port 0, ALE, and 


PSEN = 100pF, load capacitance for all other outputs = 80 pF° 
UNIT 


SYMBOL PARAMETER 12MHz CLOCK VARIABLE CLOCK (f = 1/tcicL) 


Speed range (see ordering code) 


ALE pluse width 
Address valid to ALE Low 


Address hold after ALE Low 

ALE Low to valid instr in 

ALE Low to PSEN Low 

PSEN pulse width 

PSEN Low to valid instr in 

Input instr hold after PSEN 

Input instr float after PSEN 

Address to valid instr in 

PSEN Low to address float 

RD pulse width 

WR pulse width 

RD Low to valid data in 

Data hold after RD 

Data float after RD 

ALE Low to valid data in 

Address to valid data in 

ALE Low to RD or WR Low 

Data valid to WR transition 

Data hold after WR 

RD Low to address float 

RD or WR High to ALE High 
Port 6 input (input rise and fall times < 5ns) 


TDS width 

Data setup to IDS High 

Data hold after IDS 

PE to IDS 

TDS to BFLAG (IBF) delay 
Port 6 ouput 

ODS width 

SEL to data out delay 

ODS to data out delay 

ODS to data float delay 

ODS to AFLAG (OBF) delay 

PE to data out delay 


ODS High to AFLAG (SEL) delay 
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3.5 

3.5 

05 
2tcic_-40 
teicL-55 


teLcL-35 


teici-40 
3teicL-45 


0 


6tcic_-100 
6tcici- 100 


3tcLcL +20 


4tcici- 100 


3tcicL-105 


tcLcL-25 


5tcici-105 
20 


Stcici-1 65 


2tcici-70 
8tcicL- 150 
Sterci-165 
3teicL.+50 
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. Stress above those listed under Absolute Maximum Rating may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any conditions other than those described in the AC and DC Electrical Characteristics sec- 
tion of this specification is not implied. 

This product includes circuitry specifically designed for the protection on its internal devices from damaging effects of excessive static 
charge. Nonetheless it is suggested that conventional precautions be taken to avoid applying voltages greater than the rated maximum. 
Parameters are valid over operating temperature range unless otherwise specified. 

Capacitive loading on ports 0 and 2 can cause spurious noise to be superimposed on the Voys of ALE and ports 1 and 3. The noise is 
caused by external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus opera- 
tions. In the worst cases it could be desirable to qualify ALE with a Schmitt trigger, or use an address latch with a Schmitt trigger STROBE 
input. 

Capacitive loading on ports 0 and 2 can cause the Voy on ALE and PSEN to momentarily fall before the 0.9Vcc specification when the ad- 
dress bits are stabilizing. 

Power-down Icc is measured with all output pins disconnected; EA = port 0 = Voc, XTAL2 N.C.; RST = Vss. 

lcc is measured with all output pins disconnected; XTAL1 driven with toicu, tcc = 5Ns, Vi, = Vsgt 0.5V, Vix = Voc -0.5V; XTAL1 N.C.; EA 
= RST = Port0 = Voc. Icc will be slightly higher if a crystal oscillator is used. 

Idle Icc is measured with all output pins disconnected; XTAL1 driven with toicu, tcHct = 5NS, Vit = Vsst+ 0.5V, Vin = Voc -0.5V; XTAL N.C.; 
port 0 = Vcc; EA = RST = Vss. 

Cio is measured initially and after any design changes which may affect capacitance. 


10. This parameter is guaranteed, but not tested. 
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PORTS 4 and 5 

Ports 4 and 5 are bidirectional I/O ports with in- 
ternal pull-ups. Port 4 is an 8-bit port (LLCC 
version) or a 4-bit port (DIP version). Port4 and 
port 5 pins, with ones written to them, are pulled 
High by the internal pull-ups, and in that state 
can be used as inputs. Ports 4 and 5 are ad- 
dressed at the special function register ad- 
dresses shown in Table 1. 


PORT 6 

Port6 is aspecial 8-bit bidirectional I/O portwith 
internal pull-ups. (See Figure 1.) This port can 
be used as a standard 1/O port, or in strobed 
modes of operation in conjunction with four 
special control lines: ODS, IDS, AFLAG, and 
BFLAG. Port6 operating modes are controlled 
by the port6 control status register (CSR). Port 
6 and the CSR are addressed at the special 
function register addresses when in Table 1. 
The following four control pins are used in con- 
junction with port 6: 


ODS: Output data strobe input for port 6. 
ODS can be programmed to control the port 
6 output drivers and the output buffer full flag 
(OBF), or to clear only the OBF flag bit in the 
CSR (output-always mode). ODS is active 
Low for output driver control. The OBF flag 
can be programmed to be cleared on the 
negative or positive edge of ODS. 


IDS: Input data strobe input for port 6. IDS 
is used to control the port 6 input latch and 
input buffer full flag (IBF) bit in the CSR. The 
input data latch can be programmed to be 


AFLAG 


BFLAG 


AFLAG 
MODE 
(CSR.4&.5) 


OUTPUT 
BUFFER 
FULL 
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transparent when the IDS is Low and latched 
on the positive transition of IDS, or to latch 
only on the positive transition of IDS. Corre- 
spondingly, the IBF flag is set on the negative 
or positive transition of IDS. 


AFLAG: A bidirectional I/O pin. AFLAG can 
be programmed to be an output set High or 
Low under program control, or to output the 
state of the output buffer full flag. AFLAG 
can also be programmed to be an input which 
selects whether the contents of the output 
buffer, or the contents of the port 6 control 
status register will be output on port 6. This 
feature grants complete port 6 status to exter- 
nal devices. 


BFLAG: A bidirectional I/O pin. BFLAG can 
be programmed to be an output, set High or 
Low under program control, or to output the 
State of the input buffer full flag. BFLAG can 
also be programmed to input an enable signal 
for port 6. When BFLAG is used as an en- 
able input, port 6 output drivers are in the 
High impedance state, and the input latch 
does not respond to the IDS strobe when 
BFLAG is High. Both features are enabled 
when BFLAG is Low. This feature facilitates 
the use of the 830451 in bused multiproces- 
sor systems.. 


CONTROL STATUS REGISTER 

The control status register (CSR) establishes 
the mode of operation for port 6 and indicates 
the current status of the port 6 I/O registers. All 


DRIVERS 


BFLAG & ODS 
MODE 
(CSR.6&.7) OUTPUT INPUT BUFFER 


INTERNAL BUS 


Port 6 Block Diag 


Figure 1. 
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(P6 READ) 


control status register bits can be read and writ- 
ten by the CPU, except bits 0 and 1, which are 
read only. Reset writes ones to bits 2 through 
7, and writes zeros to bits 0 and 1. 


CSR.0 — Input Buffer Full Flag (IBF) (Read 
only) . 

The IBFR bit is set to a logic 1 when port 6 data 
is loaded into the input buffer under control of 
TDS. This can occur on the negative or positive 
edge of IDS, as determined by CSR.2. IBF is 
cleared when the CPU reads the input buffer re- 
gister. 


CSR.1 — Output Buffer Full Flag (OBF) 
(Read only) 

The OBF flag is set to a logic 1 when the CPU 
writes to the port 6 output data buffer. OBF is 
cleared by the positive or negative edge of 
ODS, as determined by CSR.3. 


CSR.2 — IDS Mode Select (IDSM) 

When CSR.2 = 0, a Low-to-High transition on 
the IDS pin sets the IBF flag. The port 6 input 
buffer is loaded on the IDS positive edge. 
When CSR.2 = 1, a High-to-Low transition on 
the TDS pin sets the IBF flag. The port 6 input 
buffer is transparent when IDS is Low, and 
latched when IDS is High. 


CSR.3 — Output Buffer Full Flag Clear 
Mode (OBFC) 

When CSR.3 = 1, the positive edge of the ODS 
input clears the OBF flag. When CSR.3=0, the 
negative edge of the ODS input clears the OBF 
flag. 


EDGE/LEVEL 
SELECT (CSR.2) 
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CSR.4, CSR.5 — AFLAG Mode Select trol status register is output on port6. When the MB1 MBO BFLAG Function 
(MAO, MA1) select feature is enabled, the AFLAG input con- 0 0 Logic 0 output 
Bits 4 and5 select the mode of operation forthe __ trols the source of port 6 output data. A logic 0 0 1 Logic 1 output 
AFLAG pin, as follows: on AFLAG input selects the port 6 data register, 1 0 IBF flag output (CSR.0) 
1 1 Port enable (PE) 


MA1 MAO AFLAG Function 
0 0 Logic 0 output 
0 1. Logic 1 output 
1 0 OBF flag output (CSR. 1) 
1 1 Select (SEL) input mode 
The select (SEL) input mode is used to deter- 
mine whether the port6 data register or the con- 


CONTROL STATUS REGISTER 
BIT7 BIT 6 


BFLAG 
mode 
select 


0/0 =Logic 0 output* 
0/1  =Logic 1 output* 
1/0 =IBF output 

1/1. =PEinput 

(0 = Select) 

(1 = disable |/O) 


andalogic 1 on AFLAGinput selects the control 
Status register. 


CSR.6, CSR.7 — BFLAG Mode Select 
(MBO, MB1) 


In the port enable mode, IDS and ODS inputs 
are disabled when BFLAG input is High. When 
the BFLAG input is Low, the port is enabled for 


Bits 6 and 7 select the mode of operation for the V0. 
BFLAG pin, as follows: 
BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Output 
buffer 
full 
flag 


O = Output 
data 
buffer 
empty 

1 = Output 
data 
buffer 
full 


0 = Positive 
edge of 
IDS 


0 = Negative 


Logic 0 output edge of 
ODS 


Logic 1 output 
OBF output* 
SEL input 
Data) 
Control/status) 


1 =Low 
level of 
IDS 


1 = Positive 
edge of 
ODS 


*  Output-always mode: MB1 = 0, MA1 = 1, and MAO = O. In this mode port 6 is always enabled for output. ODS only clears the OBF flag. 


SPECIAL FUNCTION REGISTER 
ADDRESSES 


Special function register addresses for the 
83C451 are identical to those of the 80C51, 
except for the additional registers listed in 
Table 1. 
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Table 1. Special Function Register Addresses 


REGISTER ADDRESS BIT ADDRESS 
[Name [Symbol NSB (38 


P4 CO 
PS C8 


P6 D8 


E8 


CSR 
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6.6 eS 


tpxiz 
taviL 


= = IX 
ADDRESS 

A 
OR SFR-P2 ADDRESS A15-A8 ADDRESS A15-A8 


WF05153S 


Figure 2. Program Memory Read Cycle 


t 
i. dee oN RHOZ 


—— thax 


tRHDOX—> 


tavov 
<7 <0 —— aS 


+ triaz 


Oe een? x ADDRESS A15-A8 OR SFR-P2 


WF01680S 


Figure 3. Data Memory Read Cycle 


WF01693S 


Figure 4. Data Memory Write Cycle 
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Figure 5. Extermal Clock Drive Waveform 


Vou -0.1V 


Vioap +0.1V 

V “*. TIMING REFERENCE -» 
nia a POINTS > 

Vioap -0.1V 


0.2 Voc -0.1V Vor +0.1V 


NOTE: NOTE: 

AC inputs during testing are driven at Vcc -0.5V for a logic "1" and 0.45V for a logic For timing purposes a port pin is no longer floating when a 100mV change from load 

"0". Timing measurements are made at V4 min. for a logic "1" and Vy, max. for a voltage occurs, and begins to float when a 100mV change from the loaded Vow/Vox level 
occurs. Iq/loy > +20MA. 


logic "0." 
Figure 7. Float Waveforms 


Figure 6. AC Testing Input, Output Waveforms 


OBF (AFLAG) 


PE (BFLAG) 


Figure 8. Port 6 Output Waveforms 


SEL (AFLAG) 


WF14801S 


Figure 9. Port 6 Select Mode Waveforms 
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WF 14811S 


Figure 10. Port 6 Input Waveforms 


IBF (BFLAG) 
<tivev> <tivryv 
iDS 


WF 14821S 


Figure 11. IBF Flag Output Waveforms 
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INTERNAL | STATE 4 | STATE 5 | STATE 6 STATE 1 STATE 2 | STATE 3 STATE 4 STATE 5 
CLOCK p1 | p2 | pr | p2 | Pr | p2 | pr | p2 | pr | p2 | Pr | p2 | Pr | p2 | Pr | p2 


ALE | | | | | | 


THIS SIGNAL IS NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 


THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION 


ee eo ee 


DATA PCL OUT DATA PCL OUT DATA PCL OUT 


SAMPLED SAMPLED SAMPLED 
- FLOAT - FLOAT as | FLOAT a 
A8-15 | INDICATES ADDRESS TRANSITION | | 


READ CYCLE 


DATA 
SAMPLED PCL OUT 
G PROGRAM MEMORY 
1S EXTERNAL) 


FLOAT 
WRITE CYCLE 


PCL OUT (IF PROGRAM 
MEMORY IS EXTERNAL) 


DPLOR 
RI OUT 


| :___ PCL OUT (EVEN IF PROGRAM 
re 1*— MEMORY IS INTERNAL) 


A8-15 | | | 
PORT OPERATION 
MOV PORT, SRC OLD DATA | NEW DATA 


MOV DEST, P1 
(INCLUDES INTO, INT1, TO, T1) \ 


P1 PIN SAMPLED P1 PIN SAMPLED 


es DATA OUT 


SERIAL PORT SHIFT CLOCK 
RxD SAMPLED RxD SAMPLED 


0 J a 


(MODE 0) ' 
WF 14830S 
NOTE: . 
This diagram indicates when signals are clocked internally, however, the time it takes the signals to propagate to the pins ranges from 25ns to 125ns. This propagation delay is dependent 


on variables such as temperature and pin loading. Propagation also varies from output to output and component to component. Typically (Ta = 25°C, fully loaded), RD and WR propagation 
delays are approximately 50ns; propagation delays for other signals are approximately 85ns. These timing delays are incorporated in the AC specifications. 


Figure 12. Timing Waveforms 
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Table 2. Instruction Set 


Arithmetic operations 


A,Rn 
A,direct 
A,@Ri 
A,Ré#data 
A,Rn 
A,direct 


A,direct 
A,@Ri 
A,#data 
A 

Rn 
direct 
@Ri 

A 


Rn 


A,Rn 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 


A,Rn 
A,direct 
A,@Ri 
A,#data 
Rn,A 

Rn, direct 
Rn, #data 
direct,A 
direct,Rn 
direct, direct 
direct,@Ri 
direct, #data 
@Ri,A 
@Ri,direct 
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Add register to accumulator 

Add direct byte to accumulator 

Add indirect RAM to accumulator 

Add immediate data to accumulator 
Add register to accumulator with carry 
Add direct byte to A with carry flag 

Add indirect RAM to A with carry flag 
Add immediate data to A with carry flag 
Subtract register from A with borrow 
Subtract direct byte from A with borrow 
Subtract indirect RAM from A w/borrow 
Subtract immed. data from A w/borrow 
Increment accumulator 

Increment register 

Increment direct byte 

Increment indirect RAM 

Decrement accumulator 

Decrement register 

Decrement direct byte 

Decrement indirect RAM 

Increment data pointer 

Multiply A & B 

Divide A by B 

Decimal adjust accumulator 


AND register to accumulator 

AND direct byte to accumulator 

AND indirect RAM to accumulator 
AND immediate data to accumulator 
AND accumulator to direct byte 

AND immediate data to direct byte 

OR register to accumulator 

OR direct byte to accumulator 

OR indirect RAM to accumulator 

OR immediate data to accumulator 
OR accumulator to direct byte 

OR immediate data to direct byte 
Exclusive-OR register to accumulator 
Exclusive-OR direct byte to accumulator 
Exclusive-OR indirect RAM to A 
Exclusive-OR immediate data to A 
Exclusive-OR accumulator to direct byte 
Exclusive-OR immediate data to direct 
Clear accumulator 

Complement accumulator 

Rotate accumulator left 

Rotate A left through the carry flag 
Rotate accumulator right 

Rotate A right through carry flag 

Swap nibbles within the accumulator 


Move register to accumulator 
Move direct byte to accumulator 
Move indirect RAM to accumulator 
Move immediate data to accumulator 
Move accumulator to register 
Move direct byte to register 

Move immediate data to register 
Move accumulator to direct byte 
Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 
Move immediate data to direct byte 
Move accumulator to indirect RAM 
Move direct byte to indirect RAM 


506 


NO-$-WNANMNMNNM_"N_ND — 


— Se fh AD me ms ass ass ws as as as as a a a ot ot at ot ot st 


— at et ot et et et fD —* ot et et fA) eS es se st A SG et es est 


NM — PO POD DP — — PO a = a a 


Signetics Military Microprocessor Products Product Specification 


I/O Expanded CMOS Microcontroller 80C451/83C451 


Table 2. Instruction Set (Continued) 


Data transfer (continued) 


@Ri,#data Move immediate data to indirect RAM 
DPTR,#data16 Load data pointer with a 16-bit constant 
A,@A + DPTR Move code byte relative to DPTR toA 
Move code byte relative to PC toA 
Move external RAM (8-bit addr) to A 
Move external RAM (16-bit addr) to A 
Move A to external RAM (8-bit addr) 
Move A to external RAM (16-bit addr) 
Push direct byte onto stack 
Pop direct byte from stack 
Exchange register with accumulator 
A,direct Exchange direct byte with accumulator 
A,@Ri Exchange indirect RAM with A 
A,#Ri Exchange low-order digit ind. RAM w/A 


— =— — = — — SS Ss SS SS SS =| W NP 


Clear carry flag 

Clear direct bit 

Set carry flag 

Set direct bit 

Complement carry flag 

Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry 


OR direct bit to carry flag 

OR complement of direct bit to carry 
Move direct bit to carry flag 

Move carry flag to direct bit 


MONMNMNMNMNMNMH?NMHNDM + 
PM — PO PO POP — a = =a SS = 


addr 11 Absolute subroutine call 

addr 16 Long subroutine call 
Return from subroutine 
Return from interrupt 

addr 11 Absolute jump 

addr 16 Long jump 


rel 
@A+DPTR 
rel 

rel 

rel 

rel 

bit,rel 

bit,rel 

bit,rel 

A, direct,rel 


Short jump (relative addr) 

Jump indirect relative to the DPTR 
Jump if accumulator is zero 

Jump if accumulator is not zero 

Jump if carry flag is set 

Jump if no carry flag 

Jump if direct bit set 

Jump if direct bit not set 

Jump if direct bit is set & clear bit 
Compare direct to A & jump if not equal 


A,#data,rel Comp. immed. to A & jump if not equal 
Rn,#data,rel Comp. immed. to reg. & jump if not equal 
@Ri,#data,rel Comp. immed. to ind. & jump if not equal 
Rn, rel Decrement register & jump if not zero 
direct,rel Decrement direct & jump if not zero 

No operation 


—$WNMHWWWWHOWWWNMNANMNM "NAN —] — WP 


Notes on data addressing modes: 


Rn —Working register RO-R7 

direct —128 internal RAM locations, any I/O port, control or status register 

@Ri —Indirect internal RAM location addressed by register RO or R1 

#data —8-bit constant included in instruction 

#data16 —16-bit constant included as bytes 2 & 3 of instruction 

bit —128 software flags, any I/O pin, control or status bit 

Notes on program addressing modes: 

addr16 —Destination address for LCALL & LUMP may be anywhere within the 64-kilobyte program memory address space. 

addr11 —Destination address for ACALL & AJMP will be within the same 2-kilobyte page of program memory as the first byte of the 
following instruction. 

rel —SJMP and all conditional jumps include an 8-bit offset byte. Range is + 127 — 128 bytes relative to first byte of the following 
instruction. 
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Table 3. —_‘ Instruction Opcodes in Hexadecimal Order 


code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO0O 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr, #data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
C, bit addr 
@A +DPTR 
A,#data 
data addr, #data 
@RO,#data 
@R1,#data 
RO,#data 
R1,#data 
R2,#data 
R3,#data 
R4,#data 
R5,#data 
R6,#data 
R7,#data 


code addr 
code addr 
A 

A 

data addr 
@RO 
@RI1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

bit addr, code addr 
code addr 
code addr 
A 

A 

data addr 
@RO 
@RI1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

bit addr, code addr 
code addr 


A 

A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

bit addr, code addr 
code addr 


A 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 
A,R1 
A,R2, 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 


2 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table 3. Instruction Opcodes in Hexadecimal Order (Continued) 


NUMBER HEX NUMBER 
ES] OF BYTES | MNEMONIC OPERANDS CODE | OF BYTES MNEMONIC OPERANDS 


SJMP code addr data addr 

AJMP code addr code addr 

ANL C, bit addr bit addr 

MOVC C 

DIV A 

MOV data addr,data addr A,data addr 

MOV data addr,@RO A,@RO 

MOV data addr,@R1 A,@R1 

MOV data addr,RO A,RO 

MOV data addr,R1 A,R1 

MOV data addr,R2 A,R2 

MOV data addr,R3 A,R3 

MOV data addr,R4 A,R4 

MOV data addr,R5 A,R5 

MOV data addr,R6 A,R6 

MOV data addr,R7 A,R7 

MOV DPTR,#data data addr 

ACALL code addr code addr 

MOV bit addr,C bit addr 

MOVC A,@A + DPTR C 

SUBB A,#data A 

SUBB A,data addr data addr,code addr 
SUBB A,@RO A,@RO 

SUBB A,@RI1 A,@R1 

SUBB A,RO RO,code addr 
SUBB A,R1 R1,code addr 
SUBB A,R2 R2,code addr 
SUBB A,R3 R3,code addr 
SUBB A,R4 R4,code addr 
SUBB A,R5 R5,code addr 
SUBB A,R6 R6,code addr 
SUBB A,R7 R7,code addr 
ORL C,/bit addr A,@ DPTR 
AJMP code addr code addr 

MOV C, bit addr A,@RO 

INC DPTR A,@RI1 

MUL AB A 

reserved A,.data addr 
MOV @RO,data addr A,@RO 

MOV @R\1,data addr A,@R1 

MOV RO data addr A,RO 

MOV R1,data addr A,R1 

MOV R2,data addr A,R2 

MOV R3,data addr A,R3 

MOV R4,data addr A,R4 

MOV R5,data addr A,R5 

MOV R6,data addr A,R6 

MOV R7,data addr A,R7 

ANL C,/bit addr @ DPTR,A 
ACALL code addr code addr 

CPL bit addr @RO,A 

CPL C @R1,A 

CJNE A,#data,code addr 
CJNE A,data addr,code addr 
CJNE @RO,#data,code addr 
CJUNE @Ri1 ,#data,code addr 
CJNE RO ,#data,code addr 
CJNE R1,#data,code addr 
CJNE R2,#data,code addr 
CJNE R3,#data,code addr 
CJNE R4,#data,code addr 
CJNE R5#data,code addr 
CJNE R6,#data,code addr 
CJNE R7,#data,code addr 


=—=~-|NNNM A HAHAH Ht AM HK KH HUM NH NMNOWNDNMNYNNNNNMNA O —] —MNM PM 


A 

data addr,A 
@RO,A 
@R1,A 
RO,A 
R1,A 
R2,A 
R3,A 
R4,A 
R5,A 
R6,A 
R7,A 


2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 
3 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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DESCRIPTION 

The 83C552/80C552 Single-Chip 8-Bit 
Microcontroller is manufactured in an ad- 
vanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83C552/80C552 has the same instruction 
set as the 80C51. Two versions of the de- 
rivative exist. 


® 830552 — 8K bytes mask program- 
mable ROM 


® 800552 - ROMless version of the 
830552 


The 83C552 contains a non-volatile 8K x 
8 read-only program memory, a volatile 
256 x 8 read/write data memory, six 8-bit 
I/O ports, two 16-bit timer/event counters 
(identical to the timers of the 80C51), an 
additional 16-bit timer coupled to capture 
and compare latches, a 15-source, two- 
priority-level, nested interrupt structure, 
an 8-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 
(UART and [?C-bus), a ‘watchdog’ timer 
and on-chip oscillator and timing circuits. 


LOGIC SYMBOL 


September 25, 1989 


83C552/80C552 

Single-Chip 8-Bit Microcontroller 
With A/D, Capture/Compare Timer, 
With High-Speed Outputs, PWM 


Objective Specification 


For systems that require extra capability, 
the 83C552 can be expanded using stan- 
dard TTL compatible memories and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary 
and BCD arithmetic plus bit-handling ca- 
pabilities. The instruction set consists of 
over 100 instructions: 49 one-byte, 45 
two-byte and 17 three-byte. With a 12MHz 
crystal, 58% of the instructions are ex- 
ecuted in ius and 40% in 2s. Multiply 


and divide instructions require 4s. 


FEATURES 
® 80C51B central processing unit 


® 8K x 8 ROM (83C552), expandable 
externally to 64K bytes 


© 256 x 8 RAM, expandable externally 
to 64K bytes 


® Two standard 16-bit timer/counters 


® An additional 16-bit timer/counter 
coupled to four capture registers 
and three compare registers 


HIGH ORDER 
ADDRESS 
BUS 


~— RxD/DATA 
— > IxD/CLOCK 


LS11750S 
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© Capable of producing 8 synchro- 
nized, timed outputs 


@ A 10-bit ADC with 8 multiplexed 
analog inputs 


® Two 8-bit resolution, pulse width 
modulation outputs 


© Five 8-bit I/O ports plus one 8-bit 
input port shared with analog in- 
puts 


© |?C-bus serial I/O port with byte ori- 
ented master and slave functions 


® Full-duplex UART compatible with 
the standard 80C51 


@ On-chip watchdog timer 


PIN CONFIGURATION 


Pin i Function 
XTAL1 
Vss 
Vss 


P2.0/A08 
P2.1/A09 
P2.2/A10 
P2.3/A11 
P2.4/A12 
P2.5/A13 
P2.6/A14 


P4.0/CMSRO 
P4.1/CMRS1 
P4.2CMSR2 
P4.a/CMSR3 
P4.4/CMSR4 
P4.5/CMSR5 P2.7/A15 
P4.6/CMTO PSEN 
P4.7/CMT1 ALE 

RST EA 
P1.0/CTO1 PO.7/AD7 
P1.1/CT1I P0.6/AD6 
P1.2/CTal PO.5/AD5 
P1.9/CT3I P0.4/AD4 
P1.4/T2 P0.3/AD3 
P1.§/RT2 P0.2/AD2 
P1.6/SCL PO.1/AD1 
P1.7/SDA P0.0/ADO 
P3.0/AxD AVref- 
P3.1TxD AVrats 
P3.2/INTO AVss 
P3.3/INTT AVop 
P3.4/TO P5,7/ADC7 
P3.5/T1 P5.6/ADC6 
P3.6/WR P5.5/ADC5 
P3.7/AD P5.4/ADC4 
NC P5.3/ADC3 
NC P5.2/ADC2 
XTAL2 P5.1/ADC1 
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DESCRIPTION 

The Signetics 830751 offers many of the 
advantages of the 80C51 architecture ina 
small package and at low cost. 


The Signetics 83C751 microcontroller is 
fabricated with Signetics high-density 
CMOS technology. Signetics epitaxial 
substrate minimizes CMOS latch-up sen- 
sitivity. 

The 830751 contains a 2K x 8 ROM; a 64 
x 8 RAM; 19 I/Olines, a 16-bit counter/tim- 
er, a fixed-rate timer, a five-source, 
fixed-priority interrupt structure, a bidirec- 
tional Inter-Integrated Circuit (I?C) serial 
bus interface, and an on-chip oscillator. 


The onboard Inter-Integrated Circuit (IC) 
bus interface allows the 83C751 to oper- 
ate as a master or slave device on the I?C 
small area network. This capability facili- 
tates I/O and RAM expansion, access to 
EPROM, processor-to-processor com- 
munication, and efficient interface to a 
wide variety of dedicated I?C peripherals. 
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830751 


CMOS Single-Chip 
8-Bit Microcontroller 


Objective Specification 


FEATURES 
@ 80C51 based architecture 


@ Inter-Integrated Circuit (I?C) serial 
bus interface 


© Small package sizes 
— 24-pin DIP (300mil “skinny DIP”) 


@ Wide power supply voltage range 
© Wide oscillator frequency range 


@ Low power consumption: 


— Normal operation: less than 
24mA @ 5V, 12MHz 


— Idle mode 
— Power down mode 


® 2K X 8 ROM, 64 X 8 RAM 

© 16-bit counter/timer 

e Fixed-rate timer 

® Boolean processor 

@ CMOS and TTL compatible 


ORDERING INFORMATION 


* 


CVXXXX number for ROM coding. 
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PACKAGE ORDER CODE 


24-Pin Ceramic DIP . 
300mil-wide 83C751/BLA 


Factory will assign a customer unique 


PIN CONFIGURATION 


P3.5 


P3.6 

P3.7 
P1.7/TO 
P1.6ANT1 
P1.5ANTO 


P1.4 
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BLOCK DIAGRAM 


ef 
CONTROL 
EPROM/ 
RAM ADDR. a | RAM | ROM 
REGISTER 


f if PROGRAM 
STACK AOOR. 
POINTER REGISTER 
| | 
: =. 7 
BUFFER 
| | PCON | 12CON| | tcon | 


RTH | RTL INCREMENTER 
IE 1 | 


INTERRUPT, SERIAL 
PORT AND TIMER 


PROGRAM 
on COUNTER = 


‘exh 


INSTRUCTION 
REGISTER 


PORT 3 
LATCH 


PORT 3 
ORIVERS 


P1.0-P1.7 P3.0-P3.7 


~ ee em we = oe ee ew we es ww we we we me we @ ow wm @ om me we we oe = 
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PIN DESCRIPTION 


NAME AND FUNCTION 


Ground: Circuit ground potential. 
Power Supply: Supply voltage during normal, and power down operation. 


Port 0: Port 0 is a 3-bit open—drain bidirectional port. Port 0 pins that have 1s written to them float, 
and in that state can be used as high-impedance inputs. 


Port 0 also serves as the serial |?C interface, as shown in the pinout diagram. When this feature is 
activated by software, SCL and SDA are driven Low in accordance with the l2C protocol. These 
pins are driven Low if the port register bit is written as 0 or if the I2@C subsystem presents a0. The 
state of the pin can always be read from the port register by the program. 


To comply with the I2C specification, PO.O and P0.1 are open-drain bidirectional I/O pins with the 
electrical characteristics listed in the tables that follow. While these differ from ‘standard TTL’ char- 
acteristics they are close enough for the pins to still be used as general-purpose I/Os in non—I?C 
applications. 


SDA (P0.1) I2C data. 

SCL (P0.0) l2C clock. 

Port 1: Port 1 is an 8—bit bidirectional I/O port with internal pull-ups. Port 1 pins that have 1's writ- 
ten to them are pulled High by the internal pull-ups and can be used as inputs. As inputs, Port 1 
pins that are externally pulled Low will source current because of the internal pull-ups. (See DC 
Electrical Characteristic: |)_). Port 1 also serves the special feature functions of the 80C51 family, as 
listed below: 

TNTO (P1.5): External interrupt. 

INTT (P1.6): External interrupt. 

TO (P1.7): Timer 0 external input. 

Port 3: Port 3 is an 8—bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1's writ- 
ten to them are pulled High by the internal pull-ups and can be used as inputs. As inputs, Port 3 


pins that are externally being pulled Low will source current because of the pull-ups. (See DC Elec- 
trical Characteristic: |), ) 


Reset: A High on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to Vsg permits a power-on reset using only an external capacitor to 
Voc. 

Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


Crystal 2: Output from the inverting oscillator amplifier. 


P1.0-P1.7 


P3.0-P3.7 


Operating ambient temperature range 
Storage temperature range 
ee 


Power dissipation 
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DC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.0V < Voc <6.0V, Vsg = OV? 


SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 

Vit Input Low voltage —-0.5 ; : V 
Vin Input High voltage, except X1, RST V 
Vint Input High voltage, X1, RST V 


Port 0.0 and 0.1 (I2C) — Receivers: 
Input Low voltage 


02 Veo #44 
0.7 Voc + 0.2 


Input High voltage 


Hysteresis 


Output Low voltage, Ports 1 & 34 lo. = 1.6mA ae 
Output Low voltage, Port 0.24 lo, = 3.2mA Ed 


Voc = 5V + 10% lou =—25,1A 0.75Vcc 
lov = 10UA 


lot = 3mA 


Port 0.0 and 0.1 (I?C) — Drivers: 
Output Low voltage 


Driver, receiver combined: (over Vcc range) 
Input Low current V=0.4 
Input High current V=09XVecc 


Capacitance’ 


Logical 0 input current, Ports 1 & 3 Vin = 0.45V 
Logical 1 to 0 transition current, Ports 1 & 3 Vin = 2V 
Input leakage current, Port 0 0.45V < Vin < Voc WA 


Reset pulldown resistor Pe 150 


ee o | 


SYMBOL PARAMETER 12MHz CLOCK VARIABLE CLOCK 
Oxaatorrequency a eel 


External clock (Figure 1) 


High time 20 
Low time 20 
Rise time 20 
Fall time 20 
AC SYMBOL DESIGNATIONS of that signal. The designations are: Q = Output data 
Each timing symbol has five characters. The © = Clock T = Time 
first character is always a “t”(t=time). Theoth- D = Input data V = Valid 
er characters, depending on their positions, in- | 4 = Logic level High X = No longer a valid logic level 
dicate the name ofa signal or the logical status  L = Logic level Low Z = Float 
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NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a:stress rating only and 
functional operation of the device at these or at any conditions other than those described in the AC and DC Electrical Characteristics sec- 
tion of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying voltages greater than the rated maximum. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages with respect to Vsg unless otherwise noted. 

4. Capacitive loading on ports 0 and 2 can cause spurious noise pulses to be superimposed on the Vos of ports 1 and 3. The noise is caused 
by external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to—0 transitions during bus operations. 

5. Power down Icc is measured with all output pins disconnected; port 0 = Voc; X2.n.c.; RST = Vss. 

6. Icc is measured with all output pins disconnected; X1 driven with torcy, tone. = 5Ns, Vi, = Vsg + 0.5V, Vin = Voc -0.5V; 

X2 n.c.; RST = port 0 = Vcc, Icc will be slightly higher if a crystal oscillator is used. 

7. Cig is tested initially and after any design or process change which may effect capacitance. 

8. Idle Icc is measured with all output pins disconnected: X1 driven with toicH, tcHcL = 5NS,Vi_ = Vsg + 0.5V, Vin = Voc — 0.5V; X2 n.c.; port 0 
= Voc; RST = Vs. 

9. Typical operating loc at 3MHz and Vcc = 5.0V is 3.8mA, and varies with frequency at the rate of 0.67mA/MHz. 

10. Load capacitance for ports = 80pF. 
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830751 


OSCILLATOR 


CHARACTERISTICS 

X1 and X2 are the input and output, respective- 
ly, of an inverting amplifier which can be confi- 
gured for use as an on-chip oscillator, as 
shown in the logic symbol. 


To drive the device from an external clock 
source, X1 should be driven while X2 is left un- 
connected. There are no requirements on the 
duty cycle of the external clock signal, because 
the inputto the internal clock circuitry is through 
a divide—by—two flip-flop. However, minimum 
and maximum High and Low times specified in 
the data sheet must be observed. 


IDLE MODE 

In the idle mode, the CPU puts itself to sleep 
while all the on-chip peripherals stay active. 
The instruction to invoke the idle mode is the 
last instruction executed in the normal operat- 
ing mode before the idle mode is activated. The 
CPU contents, the on-chip RAM, and all of the 
special function registers remain intact during 
this mode. The idle mode can be terminated ei- 
ther by any enabled interrupt (at which time the 
process is picked up atthe interrupt service rou- 
tine and continued), or by a hardware reset 
which starts the processor in the same manner 
as a power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped, and the instruction to invoke power— 
down is the last instruction executed. Only the 
contents of the on-chip RAM are preserved. A 
hardware reset is the only way to terminate the 
power—down mode. The control bits for the re- 
duced power modes are in the special function 
register PCON. 


Table 2. 


REGISTER ADDRESS 


l2C control 
12C data 


12C configuration 


l2CON 
l2DAT 
l2CFG 
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98 
99 
D8 


DESIGN CONSIDERATIONS 

At power—down, the voltage on Vcc and RST 
must come up at the same time for a proper 
Start-up. 


Before entering the power—down mode, the 
contents of the carry bit and B.7 must be equal. 
(See Table 1.) 


External Pin Status 
During Idle and Power 
Down Modes 


Table 1. 


Differences Between the 83C751 
and the 80C51 


Program Memory 

On the 83C751, program memory is 2048 bytes 
long andis notexternally expandable. Program 
memory can contain 83C751 instructions and 
constantdata. The only fixed allocations in pro- 
gram memory are the addresses at which ex- 
ecution is taken up in response to reset and to 
interrupts, which are as follows: 


Program Memory 


Event Address 
Reset 000 
External INTO 003 
Counter/Timer 0 00B 
External INT 1 013 
Timer | 01B 
l2C Serial 023 


Special Function Register Addresses 


BIT ADDRESS 


9F 9E 9D 9C 9B 9A 99 98 


DF DE DD DC DB DA D9 D8 
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Counter/Timer Subsystem 

The 830751 has one counter/timer called tim- 
er/counter 0. Its operation is similar to mode 2 
operation on the 80C51, extended to 16 bits. 
The controls for this counter are centralized in 
a single register called TCON. 


A watchdog timer, called Timer I, is for use with 
the I2C subsystem. In |?C applications, this tim- 
er is dedicated to time—generation and bus 
monitoring of the I2C. In non-I@C applications, 
it is available for use as a fixed time base. 


Interrupt Subsystem — Fixed Priority 

The IP register and the 2+evel interruptsystem 
of the 80C51 are eliminated. Simultaneous in- 
terrupt conditions are resolved by a singlele- 
vel, fixed priority as follows: 


Highest priority: Pin INTO 
Counter/Timer flag 0 
Pin INT1 
Timer | 

Lowest priority: Serial I2C 


Serial Communications 

The 83C751 contains an I?C serial communica- 
tions port instead of the 80C51 UART. The I2C 
serial port is a single bit hardware necessary to 
support multimaster and slave operations. 
Also included are receiver digital filters and tim- 
er (timer |) for communication watchdog pur- 
poses. The |?C serial port is controlled through 
three special function registers; IC control, |2C 
data and |?C configuration. 


Special Function Register Address 

Special function register addresses for the 
83C751 are identical to those of the 80C51, ex- 
cept for the additional registers listed in Table 
2. 


80C51 special function registers not present 
in the 83C751 are TMOD (89), P2 (AO) and IP 
(B8). The 80C51 registers TH1, TL1 SCON 
and SBUF are replaced with the 83C751 reg- 
isters RTH, RTL 12CON and I2DAT, respec- 
tively. 
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Figure 1. External Clock Drive Waveform 


Voc -0.5 


0.2 Voc +0.9 
0.45 V 


0.2 Voc -0.1 


WF 19900S 


Figure 2. AC Testing Input/Output Waveform 
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INSTRUCTION SET 


| MNEMONIC DESCRIPTION BYTE | CYCLES 
Arithmetic operations 
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A,Rn 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 

A, direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 


A,Rn 
A,direct 
A,@Ri 
A,#data 
Rn,A 

Rn, direct 
Rn,#data 


direct,A 
direct,Rn 
direct, direct 
direct,@Ri 
direct, #data 
@Ri,A 
@Ri,direct 


AND register to accumulator 

AND direct byte to accumulator 

AND indirect RAM to accumulator 
AND immediate data to accumulator 
AND accumulator to direct byte 

AND immediate data to direct byte 

OR register to accumulator 

OR direct byte to accumulator 

OR indirect RAM to accumulator 

OR immediate data to accumulator 
OR accumulator to direct byte 

OR immediate data to direct byte 
Exclusive—OR register to accumulator 
Exclusive—OR direct byte to accumulator 
Exclusive—OR indirect RAM to A 
Exclusive—OR immediate data to A 
Exclusive—OR accumulator to direct byte 
Exclusive—OR immediate data to direct 
Clear accumulator 

Complement accumulator 

Rotate accumulator left 

Rotate A left through the carry flag 
Rotate accumulator right 

Rotate A right through carry flag 

Swap nibbles within the accumulator 


Move register to accumulator 
Move direct byte to accumulator 
Move indirect RAM to accumulator 
Move immediate data to accumulator 
Move accumulator to register 
Move direct byte to register 

Move immediate data to register 
Move accumulator to direct byte 
Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 
Move immediate data to direct byte 
Move accumulator to indirect RAM 
Move direct byte to indirect RAM 
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A,Rn Add register to accumulator 1 1 
ADD A,direct Add direct byte to accumulator 2 1 
ADD A,@Ri Add indirect RAM to accumulator 1 1 
ADD A,R#data Add immediate data to accumulator 2 1 
ADDC A,Rn Add register to accumulator with carry 1 1 
ADDC A,direct Add direct byte to A with carry flag 2 1 
ADDC A,@Ri Add indirect RAM to A with carry flag 1 1 
ADDC A,#data Add immediate data to A with carry flag 2 1 
SUBB A,Rn Subtract register from A with borrow 1 1 
SUBB A,direct Subtract direct byte from A with borrow 2 1 
SUBB A,@Ri Subtract indirect RAM from A w/borrow 1 1 
SUBB A,#data Subtract immed. data from A w/borrow 2 1 
INC A Increment accumulator 1 1 
INC Rn Increment register 1 1 
INC direct Increment direct byte 3 1 
INC @Ri Increment indirect RAM 1 1 
DEC A Decrement accumulator 1 1 
DEC Rn Decrement register 1 1 
DEC direct Decrement direct byte 2 1 
DEC @Ri Decrement indirect RAM 1 1 
INC DPTR Increment data pointer 1 2 
MUL AB Multiply A & B 1 4 
DIV AB Divide A by B 1 4 
DA A Decimal adjust accumulator 1 1 


1 
2 
1 
2 
1 
2 
2 
2 
2 
3 
2 
3 
1 
2 
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Instruction Set (Continued) 


Data transfer (continued) 


@Ri,#data 
MOV DPTR,#data16 


Move immediate data to indirect RAM 
Load data pointer with a 16—bit constant 


MOVC A,@A + DPTR Move code byte relative to DPTR to A 
MOVC A,@A + PC Move code byte relative to PC toA 
PUSH direct Push direct byte onto stack 

POP direct Pop direct byte from stack 

XCH A,Rn Exchange register with accumulator 
XCH A,direct Exchange direct byte with accumulator 


XCH A,@Ri 
A,@Ri 


Boolean variable manipulation 


Exchange indirect RAM with A 
Exchange low-order digit ind. RAM w/A 


Clear carry flag 
Clear direct bit 
Set carry flag 
Set direct bit 
Complement carry flag 

Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry 
OR direct bit to carry flag 

OR complement of direct bit to carry 
Move direct bit to carry flag 
Move carry flag to direct bit 


NPNONMMAONMANNM-NM-N— 


Program and machine control 
addr 11 


Absolute subroutine call 
Return from subroutine 
Return from interrupt 


addr 11 Absolute jump 
LJMP* addr 16 Long jump 
SJMP rel Short jump (relative addr) 
JMP @A+DPTR Jump indirect relative to the DPTR 
JZ rel Jump if accumulator is zero 
JNZ rel Jump if accumulator is not zero 
JC rel Jump if carry flag is set 
JNC rel Jump if no carry flag 
JB bit,rel Jump if direct bit set 
JNB bit,rel Jump if direct bit not set 
JBC bit,rel Jump if direct bit is set & clear bit 
CJNE A,direct,rel Compare direct to A & jump if not equal 
CJNE A,#data,rel Comp. immed. to A & jump if not equal 
CJNE Rn, #data,rel Comp. immed. to reg. & jump if not equal 
CJNE @Ri,#data,rel Comp. immed. to ind. & jump if not equal 
DJNZ Rn, rel Decrement register & jump if not zero 


DJNZ direct,rel Decrement direct & jump if not zero 


No operation 
Notes on data addressing modes: 


Rn —Working register RO-R7 

direct —64 internal RAM locations, any I/O port, control or status register 

@Ri —Indirect internal RAM location addressed by register RO or R1 

#data —8—bit constant included in instruction 

#data16 —16—bit constant included as bytes 2 & 3 of instruction 

bit —128 software flags, any I/O pin, control or status bit 

Notes on program addressing modes: 

addr16 —Destination address for LIMP. Only eleven bits of this 16—bit field are used. 

addr11 —Destination address for ACALL & AJMP will be within the same 2-kilobyte page of program memory as the first byte of the 
following instruction. 

rel —SJMP and all conditional jumps include an 8-bit offset byte. Range is + 127 — 128 bytes relative to first byte of the following 
instruction. 
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INSTRUCTION OPCODES IN HEXADECIMAL ORDER 


code addr 
code addr 
data addr,A 
data addr, #data 
A,#data 
A,data addr 
A,@RO 
A,@RI1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr,#data 
A, #data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
C,bit addr 
@A+DPTR 
A,#data 
data addr,#data 
@RO,#data 
@R1,#data 
RO,#data 
R1,#data 
R2 #data 
R3,#data 
R4,#data 
R5,#data 
R6,#data 
R7,#data 


code addr 


A 

A 

data addr 
@RO 
@RI1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

bit addr, code addr 
code addr 


poo Aa aA SH Se Ss ees er et PO SH |S WN 


A 

A 

data addr 
@RO 
@RI1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

bit addr, code addr 
code addr 


A 

A,#data 
A,data addr 
A,@RO0 
A,@RI1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

bit addr, code addr 
code addr 


A 
A,#data 
A,data addr 
A,@RO0O 
A,@R1 
A,RO 
A,R1 
A,R2, 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 


MNMMNNMNYNMYNNMNWNMH$]NNND — — = AW HW HRM ]H AH BH MYON WNHND DP @ —@ = ABH SB BSB os er POY WAP Pl @ @ B@ B@ BS Ss os 1H WIND PD 


1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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INSTRUCTION OPCODES IN HEXADECIMAL ORDER (Continued) 


SJMP code addr data addr 

AJMP code addr code addr 

ANL C, bit addr bit addr 

MOVC A,@A + PC C 

DIV AB A 

MOV data addr,data addr A,data addr 

MOV data addr,@RO A,@RO 

MOV data addr,@R1 A,@R1 

MOV data addr,RO A,RO 

MOV data addr,R1 A,R1 

MOV data addr,R2 A,R2 

MOV data addr,R3 A,R3 

MOV data addr,R4 A,R4 

MOV data addr,R5 A,R5 

MOV data addr,R6 A,R6 

MOV data addr,R7 A,R7 

MOV DPTR,#data data addr 

ACALL code addr code addr 

MOV bit addr,C bit addr 

MOVC A,@A + DPTR C 

SUBB A,#data A 

SUBB A,data addr data addr,code addr 
SUBB A,@RO A,@RO 

SUBB A,@RI1 A,@RI1 

SUBB A,RO RO,code addr 
SUBB A,R1 R1,code addr 
SUBB A,R2 R2,code addr 
SUBB A,R3 R3,code addr 
SUBB A,R4 R4,code addr 
SUBB A,R5 R5,code addr 
SUBB A,R6 R6,code addr 
SUBB A,R7 R7,code addr 
ORL C,/bit addr 

AJMP code addr 

MOV C, bit addr 

INC DPTR 

MUL AB 

reserved 

MOV @RO,data addr 
MOV @R1,data addr 
MOV RO,data addr 

MOV R1,data addr 

MOV R2,data addr 

MOV R3 data addr 

MOV R4 data addr 

MOV R5,data addr 

MOV R6,data addr 

MOV R7 data addr 

ANL C,/bit addr 

ACALL code addr 

CPL bit addr 

CPL C 

CJNE A,#data,code addr 
CJNE A,data addr,code addr 
CJNE @RO,#data,code addr 
CJNE @Ri1,#data,code addr 
CJNE RO,#data,code addr 
CJNE R1,#data,code addr 
CJNE R2,#data,code addr 
CJNE R3,#data,code addr 
CJNE R4,#data,code addr 
CJNE R5#data,code addr 
CJNE R6,#data,code addr R6,A 
CJNE R7,#data,code addr R7,A 


* Missing 80C51 instructions are not applicable to the 83C751. Should these instructions be executed, the appropriate number of ROM bytes will 
be fetched, but no operation will take place. The use of these codes is not recommended. The addr16 fieldis allowed for compatiblilty with existing 
software tools, however, only the least significant 11 bits of the address field will be used. 
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code addr 


5 
2 
1 
1 
3 
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2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
1 
2 
2 
1 
1 
1 
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1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
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data addr,A 
@RO,A 
@R1,A 
RO,A 

R1,A 

R2,A 

R3,A 

R4,A 

R5,A 
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Military Microprocessor Products 


DESCRIPTION 

The Signetics 87C51 is a high-perform- 
ance microcontroller fabricated with Sig- 
netics high-density CMOS technology. 
The CMOS 87C51 is functionally compat- 
ible with the NMOS 8031/8051 and 80C51 
microcontrollers. The Signetics CMOS 
technology combines the high speed and 
density characteristics of HMOS with the 
low power attributes of CMOS. Signetics 
epitaxial substrate minimizes latch-up 
sensitivity. 


The 87C51 contains a 4K x 8 EPROM, a 
128 x 9 RAM, 32 1/O lines, two 16-bit coun- 
ter/timers, a five-source, two priority level 
nested interrupt structure, a serial I/O port 
for either multiprocessor communica- 
tions, I/O expansion or full duplex UART, 
and on-chip oscillator and clock circuits. 


In addition, the 87C51 has two software 
selectable modes of power reduction — 
idle mode and power-down mode. The 
idle mode freezes the CPU while allowing 
the RAM, timers, serial port, and interrupt 
system to continue functioning. The pow- 
er-down mode saves the RAM contents 
but freezes the oscillator, causing all other 
chip functions to be inoperative. 


FEATURES 

® 8031/8051/80C51 compatible 
- 4K x 8 EPROM 
- 128 x 8 RAM 
— Two 16-bit counter/timers 
— Full duplex serial channel 
— Boolean processor 


® Memory addressing capability 
— 64K ROM and 64K RAM 


© Power control modes: 
— Idle mode 
— Power-down mode 


® CMOS and TTL compatible 


December 21, 1988 


87C51 
CMOS Single-Chip 8-Bit 
EPROM Microcontroller 


Product Specification 


PIN CONFIGURATION 


P1.6 
P1.7 
RST 
RxD/P3.0 


PO.1/AD1 
PO.2/AD2 
P0.3/AD3 


P0.4/AD4 


P0.5/AD5 
P0.6/AD6 


P0.7/AD7 


P2.7/A15 
P2.6/A14 
P2.5/A13 
P2.4/A12 
P2.3/A11 
P2.2/A10 
P2.1/A9 


P2.0/A8 
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PIN CONFIGURATION 


PIN FUNCTION 


NC 
P2.0/A8 
P2.1/A9 
P2.2/A10 
P2.3/A11 
P2.4/A12 
P2.5/A13 
P2.6/A14 
P2.7/A15 


PSEN 
ALE/PROG 
NC 


EAVpp 

PO.7/AD7 
P0.6/AD6 
PO.5/AD5 
P0.4/AD4 
PO.3/AD3 
PO.2/AD2 
PO.1/AD1 
P0.0/ADO 


Voc 


853-1106 F02815 
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CMOS Single—Chip 8—Bit EPROM Microcontroller 87C51 


ORDERING INFORMATION 


40-Pin Ceramic DIP 87C51/BQA 5962-8768401QA 
40-Pin Ceramic LLCC 87C51/BUA 5962-8768401UA 


ELECTRICAL PERFORMANCE CHARACTERISTICS AND TEST REQUIREMENTS 


For Absolute Maximum Ratings, Recommended Operating Conditions, and Electrical Test Requirements, refer 


to the following documents: Military Drawing 5962-8768401 


LOGIC SYMBOL 


rrattit 


RAREAAS) 


n 
z 
fe) 
- 
oO 
rs 
= 
Le 
> 
co 
< 
fa) 
z 
° 
O 
Wu 
n 


_ C2 = 30pF + 10pF FOR CRYSTALS 
, C2 = 40pF + 10pF FOR CERAMIC RESONATORS 


a0 
—_ 
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DESCRIPTION 

The Signetics 87C451 is an /O expanded, 
single-chip microcontroller fabricated with 
Signetics high-density CMOS technology. 
Signetics epitaxial substrate minimizes 
latch-up sensitivity. 


The 87C451 has 4K of EPROM on chip as 
program memory and is otherwise identi- 
cal to the 830451. 


The 87C451 is a functional extension of 
the 87C51 microcontroller with three addi- 
tional I/O ports and four I/O control lines. 
Four control lines associated with port 6 
facilitate high-speed asynchronous I/O 
functions. 


The 87C451 includes a4K x 8 EPROM; a 


128 x8 RAM; 64 1/0 lines; two 16-bit timer/ 
counters; a five source, two priority level, 
nested interrupt structure; a serial I/O port 
for either a full-duplex UART, I/O expan- 
sion, or multiprocessor communications; 
and on-chip oscillator and clock circuits. 


The 87C451 has two software selectable 
modes of reduced activity for further pow- 
er reduction; idle mode and power-down 
mode. Idle mode freezes the CPU while 
allowing the RAM, timers, serial port, and 
interrupt system to continue functioning. 
Power-down mode freezes the oscillator, 
causing all other chip functions to be 
inoperative while maintaining the RAM 
contents. 
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8/C451 


CMOS Single-Chip 8-Bit 
EPROM Microcontroller 


Objective Specification 


FEATURES 

@ User-programmable micro- 
controller 

© 80C51-based architecture 


© 64-Pin DIP package 
— Six 8-bit ports and one 4-bit port 


® Port 6 features: 
— 8 data pins 
- 4control pins 
— Direct MPU bus interface 
— Parallel printer interface 


@ On the microcontroller 
— 4K X 8 EPROM 
— 128 X 8 RAM 
— Two 16-bit counter/timers 
— Two external interrupts 
e External memory addressing capa- 
bility: 
— 64K ROM and 64K RAM 


@ Low power consumption: 


— Normal operation: less than 
24mA at 5V, 12MHz 


— Idle mode 
— Power-down mode 
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PIN CONFIGURATION 


P2.2/A10 [4] 
P2.3/A11 
P2.4/A12 [6 
P2.5/A13 
P2.6/A14 [8 
P2.7/A15 [9] 
P0.7/AD7 
P0.6/AD6 
P0.5/AD5 
P0.4/AD4 
P0.3/AD3 
P0.2/AD2 
P0.1/AD1 


64] ALE/PROG 


P5.0 
P3.7/RD 
P3.6/WR 
P3.5/T1 
P3.4/TO 
P3.3/INT1 
P3.2/INTO 
P3.1/TxD 


Signetics Military Microprocessor Products Objective Specification 


CMOS Single-Chip 8-Bit EPROM Microcontroller 87C451 


ORDERING INFORMATION 


PACKAGE ORDER CODE 
64—Pin Ceramic DIP w/Quartz window 87C451/BXA 
64—Pin Ceramic DIP w/o Quartz window 87C451/BXA OT! 


LOGIC SYMBOL 


| ADDRESS 

AND 
DATA 

| BUS 


SECONDARY | 
FUNCTIONS | 


PORT 4 (LLCC) 


CONTROL 
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CMOS Single-Chip 8-Bit EPROM Microcontroller 870451 


BLOCK DIAGRAM 


P0.0-P0.7 P2.0-P2.7 P4.0-P4.3 P5.0-P5.7 


ae 


eeeoee eeeee 


PORT 2 PORT 4 PORT 5 
DRIVERS DRIVERS DRIVERS 


PROGRAM 
ADDR. 
REGISTER 


i 


THOD 
| 
a 


es ae 
sere | 
INTERRUPT, SERIAL 
PORT AND TIMER 
BLOCKS COUNTER 
PSEN 


ALE/PROG TIMING INSTRUCTION 


EA/Vpp REGISTER 


PORT1 PORT 6 
LATCH LATCHES 
XTAL1 XTAL2 eeeoee J 
@eeeee eeeee 8 


[] P1.0-P1.7 P6.0-P6.7 ID AFLAG BFLAG 


ea 


RST 


BD02663S 
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PIN DESCRIPTION 


canes TYPE NAME AND FUNCTION 


Ground: OV reference 
te Power Supply: +5V. 


P0O.0-P0.7 Port 0: An 8—bit open-drain, bidirectional I/O port. Port 0 is also the multiplexed low—order address 
and data bus during accesses to external memory, and outputs instruction bytes during program verif- 
ication. External pull-ups are required during program verification. Port 0 can sink/source eight 
LSTTL inputs. 


P1.0-P1.7 Port 1: An 8—bit bidirectional |/O port with internal pull-ups. Port 1 receives the low—order address 
bytes during program verification. In the 87C451, port 1 can sink/source three LSTTL inputs, and 
drive CMOS inputs without external pull—ups. 


P2.0-P2.7 Port 2: An 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order address 
bytes during accesses to external memory and receives the high-order address bit and control sig- 
nals during program verification in the 87C451. Port 2 can sink/source three LSTTL inputs and drive 
CMOS inputs without external pull—ups. 


P3.0-P3.7 Port 3: An 8—bit bidirectional I/O port with internal pull-ups. Port 3 can sink/source three LSTTL 
inputs and drive CMOS inputs without external pull-ups. Port 3 also serves the 87C451 special func- 
tions listed below: 


RxD (P3.0): Serial input port 

TxD (P3.1): Serial output port 

INTO (P3.2): External interrupt 0 

INTT (P3.3): External interrupt 1 

TO (P3.4): Timer 0 external input 

T1 (P3.5): Timer 1 external input 

WR (P3.6): External data memory write strobe 
RD (P3.7): External data memory read strobe 


P4.0-P4.3 - Port 4: A 4-bit bidirectional port with internal pull-ups. Port 4 can sink/source three LSTTL inputs 
and drive CMOS inputs without external pull-ups. 


P5.0-P5.7 Port 5: An 8-bit I/O port with internal pull-ups. Port 5 can sink/source three LSTTL inputs and drive 
CMOS inputs without external pull-ups. 


OoO----oO- 


P6.0-P6.7 Port 6: A specialized 8—bit bidirectional I/O port with internal pull-ups. This special port can sink/ 
source three LSTTL inputs and drive CMOS inputs without external pull-ups. Port 6 can be used ina 
strobed or non—strobed mode of operation, and in conjunction with four control pins that serve the 
functions listed below. 


Port 6 Control Lines: 


ODS: Output data strobe 

IDS: Input data strobe 

BFLAG: A bidirectional |/O pin with internal pull-ups 
A FLAG: A bidirectional I/O pin with internal pull-ups 


RESET: A High level on this pin for two machine cycles while the oscillator is running resets the de- 
vice. An internal pull-down resistor permits power—on reset using only a capacitor connected to the 


Vec. 

Address Latch Enable Program Pulse: An output for latching the Low byte of the address during 
accesses to external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency ex- 
cept during an external data memory access, at which time one ALE is skipped. ALE can sink/ 
source eight LSTTL inputs and drive CMOS inputs without an external pull-up. This pin is also the 
program pulse input during EPROM programming. 


Program Store Enable: This output is the read strobe to external program memory. PSEN is acti- 
vated twice each machine cycle during fetches from externai program memory; however, when ex- 
ecuting out of external program memory, two activations of PSEN are skipped during each access to 
external data memory. PSEN is not activated during fetches from internal program memory. 

can sink/source eight LSTTL inputs and drive CMOS inputs without an external pull-up. 


Instruction Execution Control/Programming Supply Voltage: When EA is held High, the CPU 
executes out of internal program memory, unless the program counter exceeds OFFFH. When EA is 
held Low, the CPU executes out of external program memory. EA must never be allowed to float. 
This pin also receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 


Crystal 1: An input to the inverting amplifier that forms the oscillator. This input receives the external 
oscillator when an external oscillator is used. 


Crystal 2: Output of the inverting amplifier that forms the oscillator. This pin should be floated when 
an external oscillator is used. 
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ABSOLUTE MAXIMUM RATINGS? 


i 
: 


Ta 
ia Voltage from any pin to Vss (except Vpp)? —0.5 to Voc +0.5 NV 
aa Voltage on Vpp -0.5 to 13.0 V 


DC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.0V < Voc < 6.0V, Vgg = OV. 


SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 


= 


Power dissipation 


Input High voltage, XTAL1, RST 0.7 Voc +0.2 
Voi Output Low voltage, ports 1,2,3,4,5,6, AFLAG, BFLAG lo. = 1.6mA4 Pd 
Vout Output Low voltage, port 0, ALE, PSEN lo, = 3.2mA4 a a 


lon = -6O}A, 

Output High voltage, ports 1,2,3,4,5,6, AFLAG, BFLAG | “cc =°¥ + 10% . 
ion 5A , 
lou =—10L1A : 


Output High voltage, port 0 in external bus mode, Veco = 5V + 10% 
ALE, PSEN low = —150A 


-75 


Oo 1e) 
= a 


Logical 0 input current, ports 1,2,3,4,5,6, AFLAG, _ 
Logical 1 to 0 transition current, ports 1,2,3,4,5,6, ¥ 


fu Input leakage, current port 0, EA, IDS, ODS 0.45V < Vin < Voc 


Test freq. = 1MHz 
Cio’ P t 10 F 
plo | ae bis Semabdlashadal i ee 


MAXIMUM Icc (mA) 


ele _ — svt 


Frequency/ 


cc 


3.5MHz 
8.0MHz 
12MHz 


March 21, 1989 528 


Signetics Military Microprocessor Products Objective Specification 


CMOS Single-Chip 8-Bit EPROM Microcontroller 87C451 


AC ELECTRICAL CHARACTERISTICS -55°C < Tas +125°C, Voc = 5V + 10%, Vsg = OV, load capacitance for port 0, ALE, and 
PSEN = 100pF, load capacitance for all other outputs = 80 pF'° 


SYMBOL PARAMETER 12MHz CLOCK VARIABLE CLOCK (f = 1/tcicL) UNIT 
MHz 


3.5 


ALE pulse width 2tcic_—-55 
Address valid to ALE Low teic.—-70 


Address hold after ALE Low 

ALE Low to valid instr in 4tcici_-115 

ALE Low to PSEN Low 

PSEN pulse width 

PSEN Low to valid instr in 3tcic_—120 

Input instr hold after PSEN 

Input instr float after PSEN te_cL—-25 

Address to valid instr in 5tcici—-120 

PSEN Low to address float 25 

RD pulse width 6tcict—100 

WR pulse width Btcic_—100 

RD Low to valid data in 5tcic.-185 

Data hold after RD 

Data float after RD 2tcic_-85 

ALE Low to valid data in 8tcic_—170 

Address to valid data in Ste_c_—-185 

ALE Low to RD or WR Low 3tcLicL +65 

Data valid to WR transition 

Data hold after WR 

RD Low to address float 0 

RD or WR High to ALE High toicL +65 
Port 6 input (input rise and fall times < 5ns) 

IDS width 3tcicL+20 

Data setup to IDS High 0 

Data hold after IDS 30 

PE to IDS 25 

IDS to BFLAG (IBF) delay 


Port 6 ouput 


ODS width 3tcicL +20 
SEL to data out delay 

ODS to data out delay 

ODS to data float delay 

ODS to AFLAG (OBF) delay 

PE to data out delay 

ODS High to AFLAG (SEL) delay 
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NOTES: 


1 


e 


~ 


or 


oS 


co 


Erase characteristics do not apply for one time programming (OT). 

Stress above those listed under Absolute Maximum Rating may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any conditions other than those described in the AC and DC Electrical Characteristics sec- 
tion of this specification is not implied. 

This product includes circuitry specifically designed for the protection on its internal devices from damaging effects of excessive static 
charge. Nonetheless it is suggested that conventional precautions be taken to avoid applying voltages greater than the rated maximum. 
Capacitive loading on ports 0 and 2 can cause spurious noise to be superimposed on the Vos of ALE and ports 1 and 3. The noise is 
caused by external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1—to—0 transitions during bus opera- 
tions. In the worst cases it could be desirable to qualify ALE with a Schmitt trigger, or use an address latch with a Schmitt trigger STROBE 
input. 

Capacitive loading on ports 0 and 2 can cause the Voy on ALE and PSEN to momentarily fall before the 0.9Vcc specification when the ad- 
dress bits are stabilizing. 

Power—down Icc is measured with all output pins disconnected; EA = port 0 = Voc; XTAL2 = N.C.; RST = Vs. 

Cio is tested initially and after any design or process changes which may affect capacitance. 

lcc is measured with all output pins disconnected; XTAL1 driven with teicH, tcc. = 5ns, Vit = Vsgt 0.5V, Vin = Voc—0.5V; XTAL1 = N.C.; 
XTAL2 = EA = RST = Port 0 = Voc. Icc will be slightly higher if a crystal oscillator is used. 

Idle Ioc is measured with all output pins disconnected; XTAL1 driven with teicu, tcucL = 5ns, Vi_ = Vss+ 0.5V, Vin = Voc—0.5V; XTAL = N.C.; 
port 0 = Voc; EA = RST = Vgs. 


10. Parameters are valid over operating temperature range unless otherwise specified. 
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PORTS 4 and 5 

Ports 4 and 5 are bidirectional I/O ports with in- 
ternal pull-ups. Port4 is a4-dit port. Port 4and 
port 5 pins, with ones written to them, are pulled 
High by the internal pull-ups, and in that state 
can be used as inputs. Ports 4 and 5 are ad- 
dressed at the special function register ad- 
dresses shown in Table 1. 


PORT 6 

Port 6 is a special 8-bit bidirectional I/O port 
with internal pull-ups. (See Figure 1.) This port 
can be usedas a standard |/O port, or in strobed 
modes of operation in conjunction with four 
special control lines: ODS, IDS, AFLAG, and 
BFLAG. Port6 operating modes are controlled 
by the port 6 Control Status Register (CSR). 
Port 6 and the CSR are addressed at the spe- 
cial function register addresses shown in Table 
1. The following four control pins are used in 
conjunction with port 6: 


ODS: Output data strobe input for port 6. 
ODS can be programmed to control the port 
6 output drivers and the Output Buffer Full 
Flag (OBF), or to clear only the OBF flag bit 
in the CSR (output—always mode). ODS is 
Active—Low for output driver control. The 
OBF flag can be programmed to be cleared 
on the negative or positive edge of ODS. 


IDS: Input data strobe input for port 6. IDS 
is used to control the port 6 input latch and 
Input Buffer Full Flag (IBF) bit in the CSR. 
The input data latch can be programmed to 


AFLAG BFLAG ODS 
{ 
' 


be transparent when the IDS is Low and 
latched on the positive transition of IDS, or to 
latch only on the positive transition of IDS. 
Correspondingly, the IBF flag is set on the 
negative or positive transition of IDS. 


AFLAG: A bidirectional I/O pin. AFLAG can 
be programmed to be an output set High or 
Low under program control, or to output the 
state of the output buffer full flag. AFLAG 
can also be programmed to be an input which 
selects whether the contents of the output 
buffer, or the contents of the port 6 control 
status register will be output on port 6. This 
feature grants complete port 6 status to exter- 
nal devices. 


BFLAG: A bidirectional !/O pin. BFLAG can 
be programmed to be an output, set High or 
Low under program control, or to output the 
state of the input buffer full flag. BFLAG can 
also be programmed to input an enable signal 
for port 6. When BFLAG is used as an en- 
able input, port 6 output drivers are in the 
High impedance state, and the input latch 
does not respond to the IDS strobe when 
BFLAG is High. Both features are enabled 
when BFLAG is Low. This feature facilitates 
the use of the 87C451 in bused multiproces- 
sor systems. 


CONTROL STATUS REGISTER 

The Control Status Register (CSR) establishes 
the mode of operation for port 6 and indicates 
the current status of the port 6 I/O registers. All 


BFLAG & ODS 
MODE 


(CSR.6&.7) 


AFLAG 
MODE 
(CSR.4&.5) 


OUTPUT 
BUFFER 
FULL 
(CSR.1) 
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OUTPUT BUFFER 
(P6 WRITE) 


CONTROL/ STATUS 
REGISTER (CSR) 


INTERNAL BUS 


Figure 1. Port 6 Block Diagram 
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control status register bits can be read and writ- 
ten by the CPU, except bits 0 and 1, which are 
read only. Reset writes ones to bits 2 through 
7, and writes zeros to bits 0 and 1. 


CSR.0 — Input Buffer Full Flag (IBF) (Read 
only) 

The IBF bit is set to a logic 1 when port 6 data 
is loaded into the input buffer under control of 
TDS. This can occur on the negative or positive 
edge of IDS, as determined by CSR.2. IBF is 
cleared when the CPU reads the input buffer re- 
gister. 


CSR.1 — Output Buffer Full Flag (OBF) 
(Read only) 

The OBF flag is set to a logic 1 when the CPU 
writes to the port 6 output data buffer. OBF is 
cleared by the positive or negative edge of 
ODS, as determined by CSR.3. 


CSR.2 — IDS Mode Select (IDSM) 

When CSR.2 = 0, a Low-to—High transition on 
the TDS pin sets the IBF flag. The port 6 input 
buffer is loaded on the IDS positive edge. 
When CSR.2 = 1, a High—to—Low transition on 
the IDS pin sets the IBF flag. The port 6 input 
buffer is transparent when IDS is Low, and 
latched when IDS is High. 


CSR.3 — Output Buffer Full Flag Clear 
Mode (OBFC) 

When CSR.3 = 1, the positive edge of the ODS 
input clears the OBF flag. When CSR.3=0, the 
negative edge of the ODS input clears the OBF 
flag. 


| 


INPUT BUFFER IDS 
(P6 READ) MODE 


EDGE/LEVEL 
SELECT (CSR.2) 
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CSR.4, CSR.5 — AFLAG Mode Select 
(MAO, MA1) 

Bits 4 and 5 select the mode of operation for the 
AFLAG pin, as follows: 


MA1 MAO AFLAG Function 
0 0 Logic 0 output 
0 1. Logic 1 output 
1 0 OBF flag output (CSR. 1) 
1 1 Select (SEL) input mode 


The select (SEL) input mode is used to deter- 
mine whether the port6 data register or the con- 


CONTROL STATUS REGISTER 
BIT 7 BIT 6 


0/0 Logic 0 output* 
0/1 Logic 1 output* 
1/0 IBF output 

1/1 PE input 

(0 

(1 = disable I/O) 


trol status register is outputon port 6. When the 
select feature is enabled, the AFLAG input con- 
trols the source of port 6 output data. A logic 0 
on AFLAG input selects the port 6 data register, 
and alogic 1 on AFLAG input selects the control 
status register. 


CSR.6, CSR.7 — BFLAG Mode Select 
(MBO, MB1) 

Bits 6 and 7 select the mode of operation for the 
BFLAG pin, as follows: 


Output 
buffer 
flag 
clear 
mode 


0 = Negative 
edge of 
ODS 


Logic 0 output 
Logic 1 output 


1 = Positive 
edge of 
ODS 


MB1 MBO BFLAG Function 
0 0 Logic 0 output 
0 1 Logic 1 output 
1 0 IBF flag output (CSR.0) 
1 1 Port enable (PE) 


In the port enable mode, IDS and ODS inputs 
are disabled when BFLAG inputis High. When 
the BFLAG input is Low, the portis enabled for 
1/0. 


BIT 0 


0 = Input 
data 
buffer 
empty 

1 = input 
data 
buffer 
full 


0 = Positive 
edge of 
IDS 


1 =Low 
level of 


IDS 


*  Output—always mode: MB1 = 0, MA1 = 1, and MAO = 0. In this mode port 6 is always enabled for output. ODS only clears the OBF flag. 


Table 1. 


Port 4 P4 Co 
Port 5 P5 C8 
Port 6 data P6 D8 
Port 6 con- 


trol status 
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SPECIAL FUNCTION REGISTER 
ADDRESSES 

Special function register addresses for the 
87C451 are identical to those of the 80C51, 
except for the additional registers listed in 
Table 1. 
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INSTRIN 


ADDRESS 
OR SFR-P2 ( ADDRESS A15-A8 ADDRESS A15-A8 


WF05153S 


Figure 2. Program Memory Read Cycle 


tLLov 


‘Ah 


eo Lax tRHox—el  j=<— 


<7 <6 — ) DATAIN Dood 


—+— triaz 


OR SER P? ‘ ADDRESS A15-A8 OR SFR-P2 


WF01680S 


Figure 3. Data Memory Read Cycle 


WF01693S 


Figure 4. Data Memory Write Cycle 
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WF 14770S 


Figure 5. External Clock Drive Waveform 


Voc-0.5 Vv 40.1V Von70.1V 
0.2 Vcc +0.9 one “TIMING REFERENCE” 
er 0.2 Voc -0.1 VLOAD ae POINTS 


VLOAD-0.1V VoH+0.1V 


NOTE: NOTE: 

AC inputs during testing are driven at Vcc-0.5V for a logic "1" and 0.45 for a logic “O". For timing purposes a port pin is no longer floating when a 100mV change from load 

Timing measurements are made at Vaan for a logic "1" and Viwax for a logic “0”. voltage occurs, and begins to float when a 100mV change from the loaded Vo/Vq level 
OCCUrS. Iqy/louy > +20MA. 


Figure 6. AC Testing Input, Output Waveforms Figure 7. Float Waveforms 


OBF (AFLAG) 


PE (BFLAG) 


PORT 6 


WF14791S 


Figure 8. Port 6. Output Waveforms 


SEL (AFLAG) 


WF 14801S 


Figure 9. Port 6 Select Mode Waveforms 
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PE (BFLAG) 


WF 14811S 


Figure 10. Port 6 Input Waveforms 


IBF (BFLAG) 
«tivey = «tivev 
IDS 


WF 14821S 


Figure 11. IBF Flag Output Waveforms 
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INTERNAL STATE 4 STATE 5 STATE 6 STATE 1 STATE 2 STATE 3 STATE 4 STATE 5 
CLOCK Pi | P2 Pi | p2 Pr | P2 | PL | P2 Pr | P2 Pr | p2 | PY | p2 | PI ft P2 


ALE | | | | | 


THIS SIGNAL IS NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 


THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION 


ee 


DATA PCL OUT DATA PCL OUT DATA PCL OUT 
SAMPLED SAMPLED SAMPLED 
~ FLOAT — FLOAT ee | FLOAT a 
A8-15 INDICATES ADDRESS TRANSITION 


READ CYCLE 


ADO-7 
| DPL OR | | DATA | | | 
RI OUT SAMPLED PCL OUT 
Jp FLOAT or PROGRAM MEMORY 
iS EXTERNAL) 
A8-15 | | 


PCL OUT (IF PROGRAM 
MEMORY IS EXTERNAL) 


AD0-7 
OPL OR ; 
RIOUT : 
- DATA OUT =I ‘___ PCL OUT (EVEN IF PROGRAM 
+ MEMORY IS INTERNAL) 
A8-15 | | | 
PORT OPERATION 


MOV PORT, SRC OLD DATA | NEW DATA 


MOV DEST, P1 
(INCLUDES INTO, INT1, TO, T1) \ 


P1 PIN SAMPLED Pi PIN SAMPLED 


WRITE CYCLE 


SERIAL PORT SHIFT CLOCK 
RxD SAMPLED RxD SAMPLED 
' 


kD ‘ J ‘ 
(MODE 0) ’ ‘ 
NOTE: 


This diagram indicates when signals are clocked internally, however, the time it takes the signals to propagate to the pins ranges from 25ns to 125ns. This propagation delay is 
dependent on variables such as temperature and pin loading. Propagation also varies from output to output and component to component. Typically (Ta = 25°C, fully loaded), RD and 
WR propagation delays are approximately 50ns; propagation delays for other signals are approximately 85ns. These timing delays are incorporated in the AC specifications. 


WF 14831S 


Figure 12. Timing Waveforms 
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EPROM CHARACTERISTICS 

The 87C451 is programmed by a modified 
quick—pulse programming ‘algorithm. It dif- 
fers from older methods in the value used for 
Vpp (programming supply voltage) and in the 
width and number of the ALE/PROG pulses. 


The 87C451 contains two signature bytes that 
can be read and used by an EPROM program- 
ming system to identify the device. The signa- 
ture bytes identify the device as an 87C451 
manufactured by Signetics. 


Table 2 shows the logic levels for reading the 
signature byte, and for programming the pro- 
gram memory, the Encryption Table, and the 
lock bits. The circuits configuration and wave- 
forms for quick—pulse programming are shown 
in Figures 13 and 14. Figure 15 shows the cir- 
cuit configuration for normal program memory 
verification. 


QUICK-PULSE PROGRAMMING™ 
The setup for microcontroller quick—pulse pro- 
gramming is shown in Figure 13. Note that the 
87C451 is running with a 4 to 6MHz oscillator. 
The reason the oscillator needs to be running 
is that the device is executing internal address 
and program data transfers. 


The address of the EPROM location to be pro- 
grammedis applied to ports 1 and 2, as shown 
in Figure 13. The code byte to be programmed 
into that location is applied to port 0. RST, 
PSEN andpins of port 2 and 3 specified in Table 
2 are held atthe “Program Code Data” levels in- 
dicated in Table 2. The ALE/PROG is pulsed 
Low 25 times as shown in Figure 14. 


To program the Encryption Table, repeat the 
25—pulse programming sequence for address- 


Table 2. 


es 0 through 1FH, using the “Pgm Encryption 
Table” levels. Do not forget that after the En- 
cryption Table is programmed, verify cycles will 
produce only encrypted data. 


To program the lock bits, repeat the 25—pulse 
programming sequence using the “Pgm Lock 
Bit” levels. After one lock bit is programmed, 
further programming of the code memory and 
Encryption Table is disabled. However, the oth- 
er lock bit can still be programmed. 


Note that the EA/Vpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage level can cause permanent 
damage to the device. The Vpp source should 
be well regulated and free of glitches and over- 
shoot. 


Program Verification 

If Lock Bit 2 has not been programmegd, the on— 
chip program memory can be read out for pro- 
gram verification. The address of the program 
memory locations to be read is applied to ports 
1 and 2 as shown in Figure 15. The other pins 
are held at the “Verify Code Data” levels indi- 
cated in Table 2. The contents of the addressed 
location will be emitted on port 0. External pull- 
ups are required on port 0 for this operation. 


If the Encryption Table has been programmed, 
the data presented at port 0 will be the Exclu- 
sive—NOR of the program byte with one of the 
encryption bytes. The user will have to know 
the Encryption Table contents in order to cor- 
rectly decode the verification data. The En- 
cryption Table itself cannot be read out. 


EPROM Programming Modes 


Reading the Signature Bytes 

The signature bytes are read by the same pro- 
cedure as a normal verification of locations 
030H and 031H, except that P3.6 and P3.7 
need to be pulled to a logic Low. The values 
are: 


(030H) = 89H indicates manufactured by Sig- 
netics 


(031H) = 57H indicates 876451 


Program/Verify Algorithms 

Any algorithm in agreement with the conditions 
listed in Table 2, and which satisfies the timing 
specifications, is suitable. 


Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 A . Since 
sunlight and fluorescent lighting have wave- 
lengths in this range, exposure to these light 
sources over an extended time (about 1 week 
in sunlight, or 3 years in room level fluorescent 
lighting) could cause inadvertent erasure. Ifan 
application subjects the device to this type of 
exposure, it is suggested that an opaque label 
be placed over the window. 


The recommended erasure procedure is expo- 


sure to ultraviolet light (at 2537 " ) to an inte- 
grated dose of at least 15W-sec/cm?. 
Exposing the EPROM to an ultraviolet lamp of 


12,000L1.W/cm? rating for 20 to 39 minutes, at 
a distance of about 1 inch, should be sufficient. 


Erasure leaves the array in all 1s state. 


NOTES: 

“1” = Valid High for that pin. 
“O” = Valid Low for that pin. 
Vpp = 12.75V + 0.25V. 

Voc = 5V + 10% during programming and verification. 


* 


a minimum of 10}Ls. 


™ Quick-pulse programming is a phrase trademark of Intel Corp. 
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ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is Low for 100[1s (+ 10[s) and High for 
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PGM DATA 


+12.75V 
25 100s PULSES 
TO GND 


TC22682S 


Figure 13. Programming Configuration 


ee PULSES» 


ALE/PROG: UU | | | AA J TULA IL | | | 


——— 10us MIN—>| +a] 
ALE/PROG: 


WF22730S 


Figure 14. PROG Waveforms 


P3.6 ALE/PROG 


(ENABLE) 


TC22692S 


Figure 15. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS Ty, = 21°C to 27°C, Voc = 5V + 10%, Vgg = OV 


SYMBOL PARAMETER LIMITS 
me) 


ee [Prosanningswoyerent Cid 
Tireice[Osalaorteweny CS 
ex [DaahodaterPROS CS 
Te | Yersoupwrrogtw —SSCSCS~SO 
Vpp hold after PROG Se 

| ABtc.c 

} ABtcuct 


RO 
[om | PROCHowPROGY CC 


Ls 


PROGRAMMING" VERIFICATION* 


4 ADDRESS ) \ ADDRESS 


tavaV 


‘DVGL 
tAVGL 
ALE/PROG 


'GLGH 
'SHGL 
LOGIC 1 


LOGIC 0 
t 
EHQZ 


“FOR PROGRAMMING VERIFICATION SEE FIGURE 18. 
FOR VERIFICATION CONDITIONS SEE FIGURE 20. 


Figure 16. EPROM Programming and Verification Waveforms 
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Arithmetic operations 
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A,Rn 
A,direct 
A,@Ri 
A,R#data 
A,Rn 
A,direct 
A,@Ri 
A,#data 
A,Rn 
A,direct 
A,@Ri 
A,#data 
A 


Rn 
direct 
@Ri 
A 

Rn 
direct 
@Ri 
DPTR 
AB 
AB 

A 


A,Rn 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 

A, direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 

A, direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 


A,Rn 

A, direct 
A,@Ri 
A,#data 
Rn,A 

Rn, direct 
Rn, #data 
direct,A 
direct,Rn 
direct,direct 
direct,@Ri 
direct, #data 
@Ri,A 
@Ri,direct 


Add register to accumulator 

Add direct byte to accumulator 

Add indirect RAM to accumulator 

Add immediate data to accumulator 
Add register to accumulator with carry 
Add direct byte to A with carry flag 

Add indirect RAM to A with carry flag 
Add immediate data to A with carry flag 
Subtract register from A with borrow 
Subtract direct byte from A with borrow 
Subtract indirect RAM from A w/borrow 
Subtract immed. data from A w/borrow 
Increment accumulator 

Increment register 

Increment direct byte 

Increment indirect RAM 

Decrement accumulator 

Decrement register 

Decrement direct byte 

Decrement indirect RAM 

Increment data pointer 

Multiply A & B 

Divide A by B 

Decimal adjust accumulator 


AND register to accumulator 

AND direct byte to accumulator 

AND indirect RAM to accumulator 
AND immediate data to accumulator 
AND accumulator to direct byte 

AND immediate data to direct byte 

OR register to accumulator 

OR direct byte to accumulator 

OR indirect RAM to accumulator 

OR immediate data to accumulator 
OR accumulator to direct byte 

OR immediate data to direct byte 
Exclusive—OR register to accumulator 
Exclusive—OR direct byte to accumulator 
Exclusive—OR indirect RAM to A 
Exclusive—OR immediate data to A 
Exclusive—OR accumulator to direct byte 
Exclusive—OR immediate data to direct 
Clear accumulator 

Complement accumulator 

Rotate accumulator left 

Rotate A left through the carry flag 
Rotate accumulator right 

Rotate A right through carry flag 

Swap nibbles within the accumulator 


Move register to accumulator 
Move direct byte to accumulator 
Move indirect RAM to accumulator 
Move immediate data to accumulator 
Move accumulator to register 
Move direct byte to register 

Move immediate data to register 
Move accumulator to direct byte 
Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 
Move immediate data to direct byte 
Move accumulator to indirect RAM 
Move direct byte to indirect RAM 
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Table 2. Instruction Set (Continued) 


MNEMONIC DESCRIPTION BYTE CYCLES 


Data transfer (continued) 


@Ri,#data 
DPTR,#data16 
A,@A + DPTR 


A,@DPTR 
@Ri,A 
@DPTR,A 
direct 
direct 
A,Rn 

A, direct 
A,@Ri 
A,#Ri 


addr 11 
addr 16 


addr 11 

addr 16 

rel 
@A+DPTR 
rel 

rel 

rel 

rel 

bit,rel 

bit,rel 

bit,rel 
A,direct,rel 
A,#data,rel 
Rn, #data,rel 
@Ri,#data,rel 
Rn, rel 
direct,rel 


Move immediate data to indirect RAM 
Load data pointer with a 16—bit constant 
Move code byte relative to DPTR to A 
Move code byte relative to PC toA 
Move external RAM (8—bit addr) to A 
Move external RAM (16-bit addr) to A 
Move A to external RAM (8—bit addr) 
Move A to external RAM (16-bit addr) 
Push direct byte onto stack 

Pop direct byte from stack 

Exchange register with accumulator 
Exchange direct byte with accumulator 
Exchange indirect RAM with A 
Exchange low-order digit ind. RAM w/A 


Clear carry flag 

Clear direct bit 

Set carry flag 

Set direct bit 

Complement carry flag 
Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry 
OR direct bit to carry flag 

OR complement of direct bit to carry 
Move direct bit to carry flag 

Move carry flag to direct bit 


Absolute subroutine call 

Long subroutine call 

Return from subroutine 

Return from interrupt 

Absolute jump 

Long jump 

Short jump (relative addr) 

Jump indirect relative to the DPTR 
Jump if accumulator is zero 

Jump if accumulator is not zero 

Jump if carry flag is set 

Jump if no carry flag 

Jump if direct bit set 

Jump if direct bit not set 

Jump if direct bit is set & clear bit 
Compare direct to A & jump if not equal 
Comp. immed. to A & jump if not equal 
Comp. immed. to reg. & jump if not equal 
Comp. immed. to ind. & jump if not equal 
Decrement register & jump if not zero 
Decrement direct & jump if not zero 

No operation 


—=—-— — — PP — = = = |= = |W NA 


1 
2 
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 


—$ WH WWAWWWHWWONMNMNNM "NAN —]— Wl 


M—_-NMNMNMNMA- AAAS -~"~—=-$ $$ PHNDMNMNMNMNNMND — 


“— MMONMNAYNMNMNANNNMNMNNMNMNMNMN MN NM Pr 


Notes on data addressing modes: 


Rn —Working register RO—R7 

direct —128 internal RAM locations, any |/O port, control or status register 

@Ri —Indirect internal RAM location addressed by register RO or R1 

#data —8—bit constant included in instruction 

#data16 —16—bit constant included as bytes 2 & 3 of instruction 

bit —128 software flags, any I/O pin, control or status bit 

Notes on program addressing modes: 

addr16 —Destination address for LCALL & LUMP may be anywhere within the 64-kilobyte program memory address space. 

addr 11 —Destination address for ACALL & AJMP will be within the same 2-kilobyte page of program memory as the first byte of the 
following instruction. 

rel —SJMP and all conditional jumps include an 8-bit offset byte. Range is + 127 — 128 bytes relative to first byte of the following 
instruction. 
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Table 4. —_ Instruction Opcodes in Hexadecimal Order 


NUMBER NUMBER 
- OF BYTES | MNEMONIC OPERANDS - OF BYTES | MNEMONIC OPERANDS 


code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO0O 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

code addr 
code addr 
C, bit addr 
@A+DPTR 
A,#data 
data addr,#data 
@RO,#data 
@R1,#data 
RO, #data 
R1,#data 
R2,#data 
R3,#data 
R4,#data 
R5,#data 
R6,#data 
R7,#data 


code addr 
code addr 
A 

A 

data addr 
@RO 
@RI1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

bit addr, code addr 
code addr 
code addr 
A 

A 

data addr 
@RO 
@RI1 

RO 

R1 


bit addr, code addr 
code addr 


A 

A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

bit addr, code addr 
code addr 


A 
A,#data 
A,data addr 
A,@RO 
A,@RI1 
A,RO 
A,R1 
A,R2, 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 


2 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table 3. Instruction Opcodes in Hexadecimal Order (Continued) 


HEX | NUMBER HEX | NUMBER 
CODE | OF BYTES | MNEMONIC OPERANDS CODE | OF BYTES | MNEMONIC OPERANDS 


SJMP code addr data addr 

AJMP code addr code addr 

ANL C, bit addr bit addr 

MOVC A,@A + PC Cc 

DIV AB A 

MOV data addr,data addr A,data addr 

MOV data addr,@RO A,@RO 

MOV data addr,@R1 A,@Rt1 

MOV data addr,RO A,RO 

MOV data addr,R1 A,R1 

MOV data addr,R2 A,R2 

MOV data addr,R3 A,R3 

MOV data addr,R4 A,R4 

MOV data addr,R5 A,R5 

MOV data addr,R6 A,R6 

MOV data addr,R7 A,R7 

MOV DPTR,#data data addr 

ACALL code addr code addr 

MOV bit addr,C bit addr 

MOVC A,@A + DPTR C 

SUBB A,#data A 

SUBB A,data addr data addr,code addr 
SUBB A,@RO A,@RO 

SUBB A,@RI1 A,@Rt1 

SUBB A,RO RO,code addr 
SUBB A,R1 R1,code addr 
SUBB A,R2 R2,code addr 
SUBB A,R3 R3,code addr 
SUBB A,R4 R4,code addr 
SUBB A,R5 R5,code addr 
SUBB A,R6 R6,code addr 
SUBB A,R7 R7,code addr 
ORL C,/bit addr A,@ DPTR 
AJMP code addr code addr 

MOV C, bit addr A,@RO 

INC DPTR A,@R1 

MUL AB A 

reserved A,.data addr 
MOV @R0,data addr A,@RO 

MOV @R1,data addr A,@R1 

MOV RO,data addr A,RO 

MOV R1,data addr A,R1 

MOV R2_ data addr A,R2 

MOV R3,data addr A,R3 

MOV R4,data addr A,R4 

MOV R5,data addr A,R5 

MOV R6,data addr A,R6 

MOV R7,data addr A,R7 

ANL C,/bit addr @ DPTR,A 
ACALL code addr code addr 

CPL bit addr @RO,A 

CPL C @R1,A 

CJNE A,#data,code addr 
CJNE A,data addr,code addr 
CJNE @RO,#data,code addr 
CJNE @R1,#data,code addr 
CJNE RO ,#data,code addr 
CJNE R1,#data,code addr 
CJNE R2,#data,code addr 
CJNE R3,#data,code addr 
CJNE R4,#data,code addr 
CJNE R5#data,code addr 
CJNE R6,#data,code addr 
CJNE R7 ,#data,code addr 


5 
2 
1 
1 
3 
2 
2 
2 
2 
Po 
2 
2 
2 
2 
2 
3 
2 
2 
1 
2 
Z 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 


A 

data addr,A 
@RO,A 
@R1,A 
RO,A 
R1,A 
R2,A 
R3,A 
R4,A 
R5,A 
R6,A 
R7,A 
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signetics 870552 
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With A/D, Capture/Compare Timer, 
High-Speed Outputs, PWM 


Military 
Customer Specific Products Objective Specification 
DESCRIPTION FEATURES PIN CONFIGURATION 


The 870552 Single-Chip 8-Bit Microcon- © 80C51B central processing unit 


troller is manufactured in an advanced ¢ gx y 8 EPROM expandable external- 
CMOS process and is a derivative of the ly to 64K bytes 


80C51 microcontroller family. The e 256 x 8 RAM, expandable externally 
87C552 has the same instruction set as rm 64Kbytes 
the 80C51. The 87C552 is an EPROM 


version of the 83C552. © Two standard 16-bit timer/counters 


© An additional 16-bit timer/counter 
The 87C552 contains an 8K x 8 EPROM coupled to four capture registers 
program memory, a volatile 256 x 8 read/ and three compare registers 
write data memory, six 8-bit /O ports, two Capable of producing 8 synchro- 
16-bit timer/event counters (identical to nized, timed outputs 
the timers of the 80C51, an additional © A 10-bit ADC with 8 multiplexed 
a timer coupled to capture and ach analog inputs 
pare latches, a 15-source, two-priority-le- 
vel, nested interrupt structure, an 8-input . Abed le sl Pinas Wiel 
ADC, a dual DAC pulse width modulated P 
interface, two serial interfaces (UART and ° Five 8-bit /O ports plus one 8-bit 
I?C-bus), a ‘watchdog’ timer and on-chip ih pertsnared with) analog In 


oscillator and timing circuits. For systems ; ; 

that require extra capability, the 87C552 ° 'C-bus serial I/O port with byte ori- 

can be expanded using standard TTL ented master and slave functions 
the standard 80C51 


® On-chip watchdog timer 


Function 
P5.0/ADCO 


VoD 
STADC 


n 


P4.0/CMSRO 

P4.1/CMRS1 P2.3/A11 
P4.2CMSR2 P2.3/A12 
P4.3/CMSR3 P2.4/A13 
P4.4/CMSR4 P2.6/A14 
P4.5/CMSR5 P2.7/A15 
P4.6/CMTO PSEN 
P4.7/CMT1 ALE/PROG 
P1.0/CTO1 PO.7/AD7 
P1.1/CTII PO.6/AD6 
P1.2CT2l PO.5/AD5 
P1.3/CT3I P0.4/AD4 
P1.4/T2 PO.3/AD3 
P1.5/RT2 PO.2/AD2 
P1.@/SCL PO.1/AD1 
P1.7/SDA P0.0/ADO 
P3.0/RxD AVref- 
P3.1TxD AVret+ 


AVDD 

P5.7/ADC7 
P5.6/ADC6 
P5.5/ADC5 
P5.4/ADC4 
P5.3/ADC3 
P5.2/ADC2 
P5.1/ADC1 


The device also functions as an arithmetic 
processor having facilities for both binary 
and BCD arithmetic plus bit-handling ca- 
pabilities. The instruction set consists of LOGIC SYMBOL 

over 100 instructions: 49 one-byte, 45 ADDRESS AND 
two-byte and 17 three-byte. With a 12MHz pRTA ES 
crystal, 58% of the instructions are ex- 
ecuted in 1us and 40% in 2us. Multiply and 
divide instructions require 4us. 


PORT 0 


Pi 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


- 
- 
c 
co) 
a 
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DESCRIPTION 

The Signetics 87C751 offers many of the 
advantages of the 80C51 architecture ina 
small package and at low cost. 


The 87C751 Microcontroller is fabricated 
with Signetics high-density CMOS tech- 
nology. Signetics expitaxial substrate 
minimizes CMOS latch-up sensitivity. 


The 87C751 contains a2K x 8 EPROM, 64 
x 8 RAM, 19 I/O lines, a 16-bit auto-reload 
counterftimer, a_ fixed-rate timer, a 
five-source fixed-priority interrupt struc- 
ture, a bidirectional Inter-Intergrated Cir- 
cuit (I7C) serial bus interface, and an 
on-chip oscillator. 


The onboard inter-integrated circuit (I?C) 
bus interface allows the 87C751 to oper- 
ate as a master or slave device on the I?C 
on the I?C small area network. This capa- 
bility facilitates /O and RAM expansion, 
access to EEPROM, processor-to-pro- 
cessor communication, and efficient inter- 
face to a wide variety of dedicated [°C 
peripherals. 


ORDERING INFORMATION 


PACKAGE ORDER CODE 


24—Pin ceramic DIP 
300mil-wide 87C751/BLA 
with quartz window 


24—Pin ceramic DIP 
300mil-wide 87C751/BLA OT! 
w/o quartz window 


NOTE: 
1. Erase characteristics do not apply for one 
time programming (OT). 
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8/70/51 
CMOS Single-Chip 8-Bit 
Microcontroller 


Objective Specification 


FEATURES LOGIC SYMBOL 
e EPROM version of 83C751 
e 80C51 based architecture 


e Inter-Integrated Circuit (I?C) serial 
bus interface 


e Small package sizes 
— 24 pin DIP (300mil—wide “skinny 
DIP”) 


e Available in erasable quartz lid or 
one-time programmable ceramic 
package 


e Wide oscillator frequency range 


e Low power consumption: 


— Normal operation: 
less than 11mA @ 5V, 12MHz 


— Idle mode 
— Power-down mode 


e 2K x 8 EPROM, 64 x 8 RAM 

e 16-bit auto reloadable counter/timer 
e Fixed-rate timer 

e Boolean processor 

e CMOS and TTL compatible 


e Well suited for logic replacement, 
industrial applications, and state 
machine applications 


e Field programmable using standard 
equipment 
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SDA/OE-PGM 
SCUASEL 


ea 


Vpp 


INTO 


port1/|_ 'NT! 


EPROM 

DATA To 
INPUT/ 
OUTPUT 


120} P1.7/T0/D7 


119] P1.61NT1/D6 


18] P1.5ANTO/DS5 
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BLOCK DIAGRAM 


i2c 
CONTR 


| 


PROGRAM 
B ADDRESS 
REGISTER REGISTER 


INCRE- 
INTERRUPT, SERIAL MENTER 


PORT AND TIMER BLOCKS 
PROGRAM 
COUNTER 


AND 
CONTROL | 
PORT 3 
LATCH 
PORT 1 


PORT 3 
DRIVERS DRIVERS 


REGISTER 


INSTRUCTION 
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PIN CONFIGURATION 


CLA NAME AND FUNCTION 


Circuit ground potential. 
Supply voltage during normal, idle, and power-down operation. 


Port 0: Port 0 is a 3-bit open-drain bidirectional port. Port 0 pins that have ones written to them float, 
and in that state can be used as high-impedance inputs. Port 0 also serves as the serial I2C interface 
as shown in the pinout diagram. When this feature is activated by software, SCL and SDA are driven 
low in accordance with the 12C protocol. These pins are driven low if the port register bit is written 
with a 0 or if the 1@C subsystem presents a 0. The state of the pin can always be read from the port 
register by the program. 


To comply with the I2C specification, PO.0 and PO.1 are open drain bidirectional I/O pins with the 
electrical characteristics listed in the tables that follow. While these differ from ‘standard TTL’ charac- 
teristics, they are close enough for the pins to still be used as general-purpose I/O in non-I@C applica- 
tions. 


SPA (P0.1) |2C data. 
SCL (P0.0) I?C clock. 
Port 0 also provides alternate functions for programming the EPROM memory as follows: 


P0.0/ASEL — output which selects which byte of the EPROM address is to be applied to port 3. 
P0.0 — 0 presents the low address byte to port 3. 
P0O.0 — 1 presents the high address byte to port 3 (only the three least significant bits are used). 


P0.1/OE/PGM — input, OE/PGM, which specifies verify mode (output enable) or the program mode. 
OE/PGM -— 1 output enabled (verify mode) 
OE/PGM — 0 program mode. 


P0.2/Vpp Programming voltage input. 


P1.0-P1.7 Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that have ones written 
to them are pulled high by the internal pullups and can be used as inputs. As inputs, port 1 pins that 
are externally pulled low will source current because of the internal pullups. (See DC electrical char- 
acteristics: l;_). Port 1 also serves the special function features of the 80C51 family as listed below: 


INTO (P1.5): External interrupt 
INT1 (P1.6): External interrupt 
TO (P1.7): Timer 0 external input 


Port 1 serves to output the addressed EPROM contents in the verify mode and accepts as inputs the 
value to program into the selected address during the program mode. 


P3.0-P3.7 Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pullups. Port 3 pins that have ones written 
to them are pulled and can be used as inputs. As inputs, port 3 pins that are external ly being pulled 
low will source current because of the pullups (See DC electrical characteristics: |),). Port 3 also 
functions as the address input for the EPROM memory location to be programmed (or verified) . The 
11-bit address is multiplexed into this port as specified by P0.0. 


Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. An 
internal diffused resistor to Vsg permits a power-on RESET using only an external capacitor to Voc. 
After the device is reset, a 10-bit serial sequence, sent LSB first, applied to RESET places the device 
in the programming state allowing programming address, data and Vpp to be applied for program- 
ming or verification purposes. The RESET serial sequence must be synchronized with the X1 input. 


Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
X1 also serves as the clock to strobe ina serial bit stream into RESET to place the device in the 
programming state. 


Crystal: Output from the inverting oscillator amplifier. 
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OSCILLATOR CHARACTERISTIC 
X1 and X2 are the input and output, respective- 
ly, of an inverting amplifier which can be confi- 
gured for use as an on-chip oscillator. 


To drive the device from an external clock 
source, X1 should be driven while X2 is left un- 
connected. There are no requirements on the 
duty cycle of the external clock signal, because 
the input to the internal clock circuitry is through 
a divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


IDLE MODE 

In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay active. 
The instruction to invoke the idle mode is the 
last instruction executed in the normal operat- 
ing mode before the idle mode is activated. The 
CPU contents, the on-chip RAM, and all of the 
special function registers remain intact during 
this mode. The idle mode can be terminated 
either by any enabled interrupt (at which time 
the process is picked up at the interrupt service 
routine and continued), or by a hardware reset 
which starts the processor in the same manner 
as a power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke power- 
down is the last instruction executed. Only the 
contents of the on-chip RAM are preserved. A 
hardware reset is the only way to terminate the 
power-down mode. The control bits for the re- 
duced power modes are in the special function 
register PCON. 


DESIGN CONSIDERATIONS 
At power-down, the voltage on Voc and RST 
must come up at the same time for a proper 


Start-up. Before entering the power-down 
mode, the contents of the carry bit and B.7 must 
be equal (See Table 1). 


Table 1. External Pin Status Dur- 
ing Idle and Power-Down Modes 


| Mode | Porto | Port1 | Porta | 
Idle Data Data Data 
Power-down Data Data Data 
DIFFERENCES BETWEEN THE 
87C751 AND THE 80C51 


Program Memory 

On the 87C751, program memory is 2048 bytes 
long and is not externally expandable. Program 
memory can contain 87C751 instructions and 
constant data. The only fixed locations in pro- 
gram memory are the addresses at which 
execution is taken up inresponse to reset and to 
interrupts, which are as follows: 

Program Memory 


Event Address 
Reset 000 
External INTO 003 
Counter/timer 0 00B 
External INT 1 013 
Timer | 01B 
l2C serial 023 


Counter/Timer Subsystem 

The 87C751 has onecounter/timer called timer/ 
counter 0. Its operation is similar to mode 2 
operation on the 80C51, but is extended to 16 
bits with 16 bits of autoload. The controls for this 
counter are centralized in a single register 
called TCON. 


A watchdog timer, called Timer |, is for use with 
the 12C subsystem. In |2C applications, this 


Table 2. I2C Special Function Register Addresses 
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timer is dedicated to time-generation and bus 
monitoring of the I2C. In non-I2C applications, it 
is available for use as a fixed timebase. 


Interrupt Subsytem - Fixed Priority 
The IP register and the 2-level interrupt system 
of the 80C51 are eliminated. Simultaneous 


interrupt conditions are resolved by a 

single-level, fixed priority as follows: 

Highest priority: Pin INTO 
Counter/timer flag 0 
Pin INT1 
Timer | 

Lowest priority: Serial |2C 


Serial Communications 

The 87C751 contains an |2C serial communica- 
tions port instead of the 80C51 UART. The |2C 
serial portis a single bit hardware interface with 
all of the hardware necessary to support multi- 
master and slave operations. Also included are 
receiver digital filters and timer (timer |) for com- 
munication watch dog purposes. The IC serial 
port is controlled through four special function 
registers; |2C control, I2C data, I?C status, and 
l2C configuration. 


Special Function Register Addresses 
Special function register addresses for the 
87C751 are identical to those of the 80C51, 
except for the changes listed below: 


80C51 special function registers not present in 
the 87C751 are TMOD (89), P2 (AO) and IP 
(B8). The 80C51 registers TH1, TL1, SCON, 
and SBUF are replaced with the 87C751 regis- 
ters RTH, RTL, l2CON, and 12DAT, respective- 
ly. Additional special function registers are 
12CFG-(D8) and 12STA-(FB). 
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ABSOLUTE MAXIMUM RATINGS 1:2 


a 


SYMBOL PARAMETER TEST CONDITIONS 
Input low voltage, except SDA, SCL 
Input high voltage, except X1, RST 
Input high voltage, X1, RST 


0.2Voc+1.1 
0.7Vcoct+.2 


SDA, SCL: 
Input low voltage 


Input high voltage 


Vot Output low voltage, ports 1 and 3 lo. — 1.6mA 
Vout Output low voltage, port 0.2 lo. -3.2mA 
Vou Output high voltage, ports 1 and 3 lon — SOLA 


lo — 251A 
loH — 25L1A 


Port 0.0 and 0.2 (I2C) — Drivers 
Output low voltage 


lo. -3mA 
(over Vcc range) 


Driver, receiver combined: 
Capacitance 


Logical 0 input current, ports 1 and 3 Vin —0.45V 
Logical 1 to 0 transition current, ports 1 and 3 Vin —2V 


Hy 3 
BEE 


ly Input leakage current, port 0 0.45 < Vin < Voc 


Cio? Pin capacitance Test freq — 1MHz, 
T,=25°C 


Vpp Vpp program voltage Vss — OV 
Voc — 5Vt10% 


= 
oO 


Te~21°CG-27°C 


Supply current freq — 12MHz 


_ 
| 
on 
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AC SYMBOL DESIGNATIONS 

Each timing symbol has five characters. The C-— Clock T -— Time 

first character is always ‘t’ (= time). The other D-— Input data V — Valid 

characters, depending on their positions, indi- | H — Logic level high X — No longer a valid logic level 
cate the name ofa signal or the logical status of | L — Logic level low Z — Float 

that signal. The designations are: Q — Output data 


AC ELECTRICAL CHARACTERISTICS -55°C < Ta < 125°C, 4.0 < Voc ¥ 6.0Vsg = OV?” 
SYMBOL PARAMETER 


External clock (Figure 1) 
High time 

Low time 

Rise time 

Fall time 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions than those described in the AC and DC Electrical Characteristics section of 
this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying voltages greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages with respect to VSS unless otherwise noted. 

4. Power-down Icc is measured with all output pins disconnected; port 0 = Voc; X2, X1n.c.; RST =Vgs. 

5. loc is measured with all output pins disconnected; X1 driven with tcicu, tcHcL = 5ns, Vit = Vss + 0.5V, Vin = Voc — 0.5V; X2 n.c.; RST = port 
0 = Vcc. Icc will be slightly higher if a crystal is used. 

6. Idle I¢cg is measured with all output pins disconnected; X1 driven with teicu, tcc. = 5NS, Vit = Vsg + 0.5V, Vin = Voc — 0.5V; X2 n.n; port O = 
Voc; RST = Vss. 

7. Load capacitance for ports = 80pF. 

8. Cig is tested initially and after each design or process changes which may effect capacitance. 


Voc 0.5 ———— 
0.2 Voc + 0.9 


0.2 Voc - 0.1 


Figure 1. External Clock Drive Waveform 


0.2 Voc + 0.9 
0.2 Vcc - 0.1 


Figure 2. AC Testing Input/Output Waveform 
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PROGRAMMING 
CONSIDERATIONS 


EPROM Characteristics 


The 87C751 is programmed by using a modi- 
fied Quick-Pulse Programming algorithm simi- 
lar to that used for devices such as the 87C451 
and 87C51. Itdiffers from these devices in thata 
serial data stream is used to place the 87C751 
in the programming mode. 


Figure 3 shows a block diagram of the program- 
ming configuration for the 87C751. Port pin 
PO.2 is used as the programming voltage sup- 
ply input (Vpp signal). Port pin PO.1 is used as 
the program (PCM’) signal. This pin is used for 
the 25 programming pulses. 


Port 3 is used as the address input for the byte 
to be programmed and accepts both the high 
and low components of the eleven bit address. 
During one portion of the programming cycle, 
Port 3 will accept the low component of the ad- 
dress (bits AO - A7) and during another portion 
of the cycle, the high component of the address 
(bits A8 - A10). The timing of the high and low 
components is derived internal to the 87C751 
and P0.0 is provided as an address select sig- 
nal (ASEL) to indicate when the device is ready 
to accept which portion of the address. By using 
tri-statable drivers as shown in Figure 3, this 
multiplexing of the address components is 
transparent to the user. P0.0 is an open drain 
output and a pullup resistor is required. PO.0 is 
low for the lower byte of the address and high for 
the high order bits of the address. 


Port 1 is used as a bidirectional data bus during 
programming mode, it accepts the byte to be 
programmed. During verify mode, it provides 
the contents of the EPROM location specified 
by the address which has been supplied to Port 
3. 


The XTAL1 pin is the ocsillator input and re- 
ceives the master system clock. This clock 
should be between 4 and 6 MHz. 


The RESET pin is used to accept the serial data 
stream that places the 87C751 into various pro- 
gramming modes. This pattern consists of a 
10-bit code with the LSB sent first. Each bit is 
synchronized to the clock input, X1. 


Programming Operation 

Figures 4 and 5 show the timing diagrams for 
the program/verify cycle. RESET should initial- 
ly be held high for at least two machine cycles. 
P0O.1 (PGM/) and PO.2 (Vpp) will be at Voy as a 
result of the RESET operation. At this point, 
these pins function as normal quasi-bidirection- 
al I/O ports and the programming equipment 
may pull these lines low. However, prior to send- 
ing the 10 bit code on the reset pin, the program- 
ming equipment should drive these pins high 
(Viy). The RESET pin may now be used as the 
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serial data input for the data stream which 
places the 87C751 in the programming mode. 
Data bits are sampled during the clock high time 
and thus should only change during the time 
that the clock is low. Following transmission of 
the last data bit, the RESET pin should be held 
low. 


Next the address information for the location 
programmed is placed at the inputs of the buff- 
ers used to perform the address multiplexing 
function. At this time Port 1 functions as an out- 
put. 


A high voltage Vpp level is then applied to the 
Vpp input (PO.2). (This sets Port 1 as an input 
port.) The data to be programmed into the 
EPROM array is then placed on Port 1. This is 
followed by a series of programming pulses 
applied to the PGM/ pin (P0.1). These pulses 
are created by driving P0O.1 low and then high. 
This pulse is repeated until a total of twenty-five 
programming pulses have occurred. At the con- 
clusion of the last pulse, the PGM/signal should 
remain high. 


The Vpp signal may now be driven to the Voy 
level, placing the 87C751 in the verify mode. 
(Port 1 is now used as an output port.) After 4 
machine cycles (48 clock periods) the contents 
of the addressed location in the EPROM array 
will appear on Port 1. 


The next programming cycle may now be initi- 
ated by placing the address information at the 
inputs of the multiplexed buffers, driving the Vpp 
pin to the Vpp voltage level, providing the byte to 
be programmed to Port 1 and issuing the 25 
programming pulses on the PGM pin, bringing 
Vpp back down to the Vcc level and verifying the 
byte. 


Programming Modes 

The 87C751 has four programming features in- 
corporated within its EPROM array. These in- 
clude the USER EPROM for storage of the 
application's code, a sixteen byte encryption 
KEY array and two security bits. Programming 
and verification of the these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the volt- 
age levels applied to port pins P0.1 and PO.2. 
The various combinations are shown in Table 1. 


Encryption Key Table 

The 87C751 includes a 16 byte EPROM array 
that is programmable by the end user. The con- 
tents of this array can then be used to encrypt 
the program memory contents during a pro- 
gram memory verify operation. When a pro- 
gram memory verify operation is performed, the 
contents of the program memory location is 
XNOR'’ed with one of the bytes in the 16 byte 
encryption table. The resulting data pattern is 
then provided to port 1 as the verify data. The 


551 


87C751 


encryption mechanism can be disabled, in es- 
sence, by leaving the bytes in the encryption 
table in their erased state (FFH) since the 
XNOR product of a bit with a logical one will re- 
sult in the original bit. The encryption bytes are 
mapped with the code memory in 16 byte 
groups. The first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the encryp- 
tion table and so forth up to and including the 
sixteenth byte. The encryption repeats in 16 
byte groups; the seventeenth byte in code 
memory will be encrypted with the first byte in 
the encryption table, and so forth. 


Security Bits 

Two security bits, security bit 1 and security bit 
2, are provided to limit access to the USER 
EPROM andencryption key arrays, Security bit 
1 is the program inhibit bit, and once pro- 
grammed performs the following functions: 


1. Additional programming of the USER 
EPROM is inhibited. 


2. Additional programming of the encryption is 
inhibited. 


3. Verification of the encryption key is inhib- 
ited. 


4. Verification of the USER EPROM and the 
security bit levels may still be performed. 


(If the encryption key array is being used, the 
security bit should be programmed by the user 
to prevent unauthorized parties from repro- 
gramming the encryption key to all logical zero 
bits. Such programming would provide data 
during a verify cycle that is the logical compli- 
ment of he USER EPROM contents.) 


Security bit 2, the verify inhibit bit, prevents veri- 
fication of both the USER EPROM array andthe 
encryption key arrays. The security bit levels 
may still be verified. 


Programming and Verifying 


Security Bits 

Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins indicated 
in Table 3. When programming either security 
bit, itis not necessary to provide address or data 
information to the 87C751 on ports 1 and 3. 


Verification occurs in a similar manner using the 
RESET serial stream shown in Table 1. Port3is 
not required to be driven and the results of the 
verify operation will appear on ports 1.6 and 1.7. 


Port 1.7 contains the security bit 1 data andisa 
logical one if programmed and logical zero i 
erased. Likewise, P1.6 contains the security bit 
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2 data and is a logical one if programmed anda 
logical zero if erased. 


Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 


light sources over an extended time (about 1 
week in sunlight, or 3 years in room level fluo- 
rescent lighting) could cause inadvertent era- 
sure. For this and secondary effects, it is 
recommended that an opaque label be 
placed over the window. For elevated temper- 
ature of solvent environments, use Kapton tape 
Fluorglas part number 2345-5 or equivalent. 


wavelengths in this range, exposure to these 


Table 3. Implementing Program/Verify Modes 


Serial Code P0.1 (PGM/) PO.2 (Vpp) 


Operation 


Program user EPROM 
Verify user EPROM 
Program key EPROM 
Verify key EPROM 
Program security bit 1 
Program security bit 2 
Verify security bits 
NOTE: 
Pulsed from Viy to Vi, and returned to Viy. 


The recommended erasure procedure is expo- 
sure to ultraviolet light (at 2537 angstroms) to 
an integrated dose at least 15W-sec/cm?. Ex- 
posing the EPROM to and ultraviolet lamp of 
12,000W/cm? rating for 20 to 39 minutes, at a 
distance of about 1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS Ty, = 21°C to +27°C, Voc = 5V10, Vgg = OV 


P0.0 (sync pulse) High 


NOTES: 
* Address should be valid at least 24 tc, c, before rising edge of P0O.2 (Vpp). 
** For a pure verify mode, i.e., no program mode in between, tayay is 14 teLcL maximum. 
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PO.0/ASEL 


DATA BUS 


PROGRAMMING 
PULSES 


Vpp/Viy VOLTAGE 
SOURCE 


CLK SOURCE 
RESET 


CONTROL 
LOGIC 


Figure 3. Programming Configuration 


JIWUUUUUU UU UU UL 


MIN 2 MACHINE 


CYCLES TEN BIT SERIAL CODE | 
reset | sit2 | Bits BIT s Bits 


P0.2 UNDEFINED 


P0.1 UNDEFINED 


Figure 4. Entry Into Program/Verify Modes 
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Figure 5. Program/Verify Cycle 
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INSTRUCTION SET 


A,Rn 

A, direct 
A,@Ri 
A,#data 
A,Rn 

A, direct 
A,@Ri 
A, #data 
A,Rn 

A, direct 
A,@Ri 
A,#data 
A 

Rn 
direct 
@Ri 

A 


A,Rn 

A, direct 
A,@Ri 

A, #data 
direct,A 
direct, #data 
A, Rn 

A, direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A,Rn 

A, direct 
A,@Ri 
A,#data 
direct,A 
direct, #data 
A 


A 
A 
A 
A 
A 
A 


A,Rn 

A, direct 
A,@Ri 
A,#data 
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DESCRIPTION BYTE 


Add register to accumulator 

Add direct byte to accumulator 

Add indirect RAM to accumulator 

Add immediate data to accumulator 
Add register to accumulator with carry 
Add direct byte to A with carry flag 

Add indirect RAM to A with carry flag 
Add immediate data to A with carry flag 
Subtract register from A with borrow 
Subtract direct byte from A with borrow 
Subtract indirect RAM from A w/borrow 
Subtract immediate data from A w/borrow 
Increment accumulator 

Increment register 

Increment direct byte 

Increment indirect RAM 

Decrement accumulator 

Decrement register 

Decrement direct byte 

Decrement indirect RAM 

Increment data pointer 

Multiply A & B 

Divide A by B 

Decimal adjust accumulator 


AND register to accumulator 

AND direct byte to accumulator 

AND indirect RAM to accumulator 

AND immediate data to accumulator 
AND accumulator to direct byte 

AND immediate data to direct byte 

OR register to accumulator 

OR direct byte to accumulator 

OR indirect RAM to accumulator 

OR immediate data to accumulator 

OR accumulator to direct byte 

OR immediate data to direct byte 
Exclusive—OR register to accumulator 
Exclusive—OR direct byte to accumulator 
Exclusive—OR indirect RAM to A 
Exclusive—OR immediate data to A 
Exclusive—OR accumulator to direct byte 


Exclusive—OR immediate data to direct byte 


Clear accumulator 

Complement accumulator 

Rotate accumulator left 

Rotate A left through the carry flag 
Rotate accumulator right 

Rotate A right through carry flag 
Swap nibbles within the accumulator 


Move register to accumulator 

Move direct byte to accumulator 
Move indirect RAM to accumulator 
Move immediate data to accumulator 
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INSTRUCTION SET (Continued) 


Data Transfer (cont) 


Rn,A Move accumulator to register 

Rn, direct Move direct byte to register 

Rn,#data Move immediate data to register 
direct,A Move accumulator to direct byte 
direct,Rn Move register to direct byte 

direct,direct Move direct byte to direct byte 
direct,@Ri Move indirect RAM to direct byte 

direct, #data Move immediate data to direct byte 
@Ri,A Move accumulator to indirect RAM 
@Ri,direct Move direct byte to indirect RAM 
@Ri,#data Move immediate data to indirect RAM 
DPTR,#data16 Load data pointer with a 16-bit constant 
A,@A + DPTR Move code byte relative to DPTR toA 
A,@A + PC Move code byte relative to PC to A 
direct Push direct byte onto stack 

direct Pop direct byte from stack 

A,Rn Exchange register with accumulator 
A,direct Exchange direct byte with accumulator 
A,@Ri Exchange indirect RAM with A 

A,@Ri Exchange low-order digit indirect RAM with A 


Boolean variable manipulation 
Cc 


Clear carry flag 

Clear direct bit 

Set carry flag 

Set direct bit 

Complement carry flag 
Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry 
OR direct bit to carry flag 

OR complement of direct bit to carry 
Move direct bit to carry flag 

Move carry flag to direct bit 


Program and machine control 


addr11 Absolute subroutine call 
Return from subroutine 
Return from interrupt 
addr11 Absolute jump 
addr16 Long jump 
rel Short jump (relative addr) 
@A + DPTR Jump indirect relative to the DPTR 
rel Jump if accumulator is zero 
rel Jump if accumulator is not zero 
rel Jump if carry flag is set 
rel Jump if carry flag not set 
bit,rel Jump if direct bit set 
bit,rel Jump if direct bit not set 
bit,rel Jump if direct bit is set and clear bit 
A,direct,rel Compare direct to A and jump if not equal 
A, #data,rel Compare immediate to A and jump if not equal 
Rn,#data, rel Compare immediate to register and jump if not equal 
@Ri,#data,rel Compare immediate to indirect and jump if not equal 
Rn, rel Decrement register and jump if not zero 
direct,rel Decrement direct and jump if not zero 
No operation 


MONON NANNNN -~-~ DY —DND — ~"~-§ NM $-$ NON" HSH WAN" WANANNNN — 
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Notes on following page. 
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Notes on data addressing modes: 


Rn Working register RO—R7. 

direct 64 internal RAM locations, any I/O port, control or status register. 

@Ri indirect internal RAM location addressed by register RO or R1. 

#data 8-bit constant included in instruction. 

#data16 16-bit constant included as bytes 2 and 3 of instruction. 

bit 128 software flags, any I/O pin, control or status bit. 

Notes on program addressing modes: 

addr16 Destination address for LUMP. Only 11 bits of this 16-bit field are used. 

addr11 Destination address for ACALL and AJMP will be within the same 2Kbyte page of program memory as the first byte of the 
following instruction. 

rel SJMP and all conditional jumps include an 8-bit offset byte. Range is +127 — 128 bytes relative to first byte of the following 
instruction. 
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INSTRUCTION OPCODES IN HEXADECIMAL ORDER 


HEX | NUMBER HEX | NUMBER 
Cope | of BYTES | MNEMONIC OPERANDS eone | GE BYTES /uNeMonic OPERANDS 
00 39 


1 A,R1 
code addr 1 A,R2 

1 A,R3 
RR A 1 A,R4 
INC A 1 A,R5 
INC data addr 1 A,R6 
INC @RO 1 A,R7 
INC @RI1 2 code addr 
INC RO 2 code addr 
INC R1 2 data addr,A 
INC R2 | data addr,#data 
INC R3 2 A,#data 
INC R4 2 A,data addr 
INC R5 1 A,@RO 
INC R6 1 A,@R1 
INC R7 1 A,RO 
JBC bit addr,code addr 1 A,R1 
ACALL code addr 1 A,R2 
LCALL* 1 A,R3 
RRC A 1 A,R4 
DEC A 1 A,R5 
DEC data addr 1 A,R6 
DEC @RO 1 A,R7 
DEC @RI1 2 code addr 
DEC RO 2 code addr 
DEC R1 2 data addr,A 
DEC R2 3 data addr,#data 
DEC R3 2 A,#data 
DEC R4 2 A,data addr 
DEC R5 1 A,@RO0O 
DEC R6 1 a,@r1 
DEC R7 1 A,RO 
JB bit addr,code addr 1 A,R1 
AJMP code addr 1 A,R2 
RET 1 A,R3 
RL A 1 A,R4 
ADD A,#data 1 A,R5 
ADD A,data addr 1 A,R6 
ADD A,@RO 1 A,R7 
ADD A,@R1 2 code addr 
ADD A,RO 2 code addr 
ADD A,R1 2 data addr,A 
ADD A,R2 3 data addr,#data 
ADD A,R3 2 A,#data 
ADD A,R4 2 A,data addr 
ADD A,R5 1 A,@RO 
ADD A,R6 1 A,@R1 
ADD A,R7 1 A,RO 
JNB bit addr,code addr 1 A,R1 
ACALL code addr 1 A,R2 
RETI 1 A,R3 
RLC A 1 A,R4 
ADDC A,#data 1 A,R5 
ADDC A,data addr 1 A,R6 
ADDC A,@RO 1 A,R7 
ADDC A,@R1 2 code addr 
ADDC A,RO 2 code addr 
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INSTRUCTION OPCODES IN HEXADECIMAL ORDER (Cont.) 


C, bit addr 

@A + DPTR 
A,#data 

data addr, #data 
@RO,#data 
@R1,#data 

RO, #data 
R1,#data 
R2,#data 


R4,data addr 
R5,data addr 
R6,data addr 
R7,data addr 
C,/bit addr 

code addr 

bit addr 

C 

A,#data,code addr 


R3,#data 
R4,#data 
R5,#data 


A,data addr,code addr 
@RO,#data,code addr 
@R1,#data,code addr 


7 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
a 
2 
2 
2 
2 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
Fd 
2 
1 
2 
Fe 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 


MP MOM NM ND PP 
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ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
ORL 
AJMP 
MOV 
INC 
MUL 
reserved 
MOV 


R6,#data 
R7,#data 
code addr 
code addr 

C, bit addr 
A,@A + PC 
AB 

data addr,data addr 
data addr,@RO 
data addr,@R1 
data addr,RO 
data addr,R1 
data addr,R2 
data addr,R3 
data addr,R4 
data addr,R5 
data addr,R6 
data addr,R7 
DPTR,#data 
code addr 

bit addr,C 
A,@A +DPTR 
A,#data 
A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6& 

A,R7 

C,/bit addr 
code addr 

C, bit addr 
DPTR 

AB 


@RO,data addr 
@RI1,data addr 
RO,data addr 
R1,data addr 
R2,data addr 
R3,data addr 
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RO,#data,code addr 
R1,#data,code addr 
R2,#data,code addr 
R3,#data,code addr 
R4 ,#data,code addr 
R5,#data,code addr 
R6,#data,code addr 
R7 ,#data,code addr 
data addr 

code addr 

bit addr 

Cc 

A 

A,data addr 

A,@RO 

A@R!1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

data addr 

code addr 

bit addr 

C 

A 

data addr,code addr 
A,@RO 

A,@R1 

RO,code addr 
R1,code addr 
R2,code addr 
R3,code addr 
R4,code addr 
R5,code addr 

R6 ,code addr 
R7,code addr 


code addr 


A 
A,data addr 
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INSTRUCTION OPCODES IN HEXADECIMAL ORDER (Cont.) 


E6 


Oe © et Se ee ee ee ee ee ee ee ee Gat 


NOTE: 
* Missing 80C51 instructions are not applicable to the 87C 751. Should these instructions be executed, the appropriate number of ROM bytes 
will be fetched, but no operation will take place. The use of these codes is not recommended. 


NUMBER 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV xX" 
ACALL 
MOVX* 


A,@RO 
A,@R1 
A,RO 
A,R1 
A,R2 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 


code addr 


F4 


F5 


NUMBER 


ee ee 
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OPERANDS 
A 


data addr,A 
@R0,A 
@R1,A 


RO,A 
R1,A 
R2,A 
R3,A 
R4,A 
R5,A 
R6,A 
R7,A 


The addr16 field is allowed for compatibility with existing software tools, however only the least significant 11 bits of the address field will be 


used. 
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DESCRIPTION 

The Signetics 87C752 offers many of the 
advantages of the 80C51 architecture ina 
small package and at low cost. 


The 87C752 Microcontroller is fabricated 
with Signetics high-density CMOS tech- 
nology. Signetics epitaxial substrate mini- 
mizes CMOS latch-up sensitivity. 


The 87C752 contains a 2K x 8 EPROM, a 
64 x 8 RAM, 21 I/O lines, a 16-bit auto- 
reload counter/timer, a fixed-rate timer, a 
seven-source fixed-priority —_interrupt 
structure, a bidirectional Inter-Integrated 
Circuit (I2?C) serial bus interface, an on- 
chip oscillator, a five channel multilexed 
8-bit A/D converter, and an 8-bit PWM 
output. 


The onboard inter-integrated circuit (I@C) 
bus interface allows the 87C752 to oper- 
ate as a master or slave device on the I?C 
small area network. This capability facili- 
tates I/O and RAM expansion, access to 
EEPROM, processor-to-processor com- 
munication, and efficient interface to a 
wide variety of dedicated I?C peripherals. 


FEATURES 
© EPROM version of 830752 


® Available in erasable quartz lid or 
One-Time Programmable packages 


® 80C51 based architecture 


@ Inter-Integrated Circuit (I?C) serial 
bus interface 


© Small package sizes 
— 28-pin DIP 
— 28-pin LLCC 


© Wide oscillator frequency range 
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@ Low power consumption: PIN CONFIGURATION 


— Normal operation: less than 11mA 
@ 5V, 12MHz 


— Idle mode 
— Power-down mode 


© 2K x 8 EPROM, 64 x 8 RAM 

© 16-bit auto reloadable counter/timer 
® 5 channel 8-bit A/D converter 

® 8-bit PWM output/timer 


© Fixed-rate timer 


P3.2/A2/A10} 3 | 
P3.1/A1/A9 | 4 | 
P3.0/AQ/A8 | 5 | 


PO.1/SDA/ | 7 
OE-PGM 4 


© Boolean processor 
@ CMOS and TTL compatible 


@ Well suited for logic replacement 
applications 


LOGIC SYMBOL 


< 
-_ 


p 
5 


Function 
P1.2#ADC2/D2 
P1.3/ADC3/D3 
P1.4/ADC4/D4 
AV ss 

Moc 
P1.5/NTO/D5 


P0.1/SDA/OE-PGM P1.6/(NTT/D6 
PO.0/SCLU/ASEL P1.7/TO/D7 
RST P0.3 

X2 P0.4/PWM OUT 
x1 P3.7/A7 
P3.6/A6 
P3.5/A5 


Voc 


Function 
P3.4/A4 
P3.3/A3 
P3.2/A2/A10 
P3.1/A1/A9 
P3.0/A0/A8 


PO.2Vpp 


4. 
St 


sf 
of 
cz 
S8 
a4 
38 
ag 


i 


PORT 1/EPROM 
DATA INPUT, 


Vss 
P1.0/ADC0/DO 
P1.1/ADC 1/D1 


4 FONDA SCLCONoan &wWNn = 


NOTE: 
AO—A10 and D0—D7 available for EPROM verify only. 
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FEATURES 
e 12-Bit FIFO address generator 
e Data rate exceeding 8MHz 


e Asynchronous Read/Write 
operations 


e 3-State address outputs 
e User-defined word width 


e Specifically designed for use with 
high-speed bipolar RAMs (adapt- 
able for use with MOS RAMs) 


e TTL input and output 
e 16mA Address-drive capability 


USE AND APPLICATION 


e Interface between independent- 
ly-clocked systems 


e Buffer memories for disk and/or 
tape 


e Data communication concentrators 
e CPU/terminal buffering 

e DMA applications 

e CRT terminals 


FUNCTIONAL OPERATION 

The FRC operates in either of two basic 
modes — write into the FIFO buffer 
memory or read from the FIFO buffer 
memory. These two operations are de- 
scribed in subsequent paragraphs and the 
complete sequence is summarized in 
Table 1. Typical Write/Read timing rela- 
tionships, arbitration logic, and chip-en- 
able control are shown in the Timing 
Diagrams. 
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PRODUCT DESCRIPTION 

The Signetics 8X60 FIFO RAM Controller 
(FRC) is an address and status generator 
designed to implement a high-speed/ 
high-capacity First-In/First-Out (FIFO) 
stack utilizing standard off-the-shelf RAMs 
— see Applications on the last page of 
this data sheet. The FRC can control up to 
4096 words of buffer memory; intermedi- 
ate buffer sizes can be selected — refer to 
the memory length table on the next page. 
Built-in arbitration logic handles read/write 
operations on a first-come/irst-serve ba- 
sis. 


As shown in Figure 1, the FRC consists of: 

e A 12-bit write address generation 
counter (counter #1) and a 12-bit read 
address generation counter (counter 
#2). 

e A 12-bit up/down status counter 
(counter #3). 


e Twelve 3-State address drivers. 

¢ Control logic. 

The two address counters, #1 and #2, re- 
spectively, are used to generate write and 
read addresses; the outputs of these 
counters are multiplexed to the 3-State ad- 


dress drivers. Counter #3 generates full, 
empty, and half full status. 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


28—Pin DIP 
600mil-wide 8X60/BXA 


28—-Pin LLCC 8X60/B3A 
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PIN CONFIGURATION 


IDENTIFIER 


FULL 


HALF FULL 


EMPTY 


LS1 


LS2 


FUNCTION 


Supply voltage for internal cir- 


Cuits. 

Circuit ground. 

Shift-In request for wirte cycle; 
active-low input. 

Shift-Out request for read cycle; 
active-low input. 

Active-low master reset input. 
Active-low chip enable input. 
Write cycle address valid; acti- 
ve-low output. 

Read cycle address valid; acti- 
ve-low output. 

Memory full status output; also, 
override input capability. Active 
when high. 

Memory half-full status output; 
active-high. 

Memory empty status output; 
also, override input capability. 
Active when high. 

Least significant bit (LSB) of the 
memory length select input. 
Most significant bit (MSB) of the 
memory length select input. 
3-State address outputs; 

Ao = LSB. 


Supply voltage. 
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CONTROL 
LOGIC 


t COUNTER #3 ; 


(STATUS) 


ADDRESS 
MULTIPLEXER 


COUNTER #1 
(WRITE 
ADORESS 
GENERATION) 


COUNTER #2 
(READ 
ADDRESS 
GENERATION) 


8X60 


WRITE 
READ 
EMPTY 
HALF FULL 
FULL 


THREE-STATE 
ADDRESS 
DRIVERS 


; at 


ry 


yy 


FIFO BUFFER MEMORY — 


WRITE CYCLE 

To perform a write operation, SO must be High 
and SI must be Low. When these conditions ex- 
ist and other control parameters (Table 1) are 
satisfied, the write address in Counter #1 (Fig- 
ure 1) is output to the address bus via the multi- 
plexer and WRITE output goes Low. (Note. 
Normally, the WRITE output goes Low after 
the address output becomes state — refer to 
WRITE Cycle Timing Diagram. The WRITE 
output may then act as a write or chip enable 
for the RAMs that are used to implement the 
memory. 


When the write cycle is ended (SI is forced 
High), the WRITE output goes High, the ad- 
dress output buffers return to a High- imped- 
ance state. Counter #1 (Write Address Genera- 
tion) and Counter #3 (Status) are both increm- 
ented, and Counter #2 (Read Address Genera- 
tion) remains unchanged. 


FIFO BUFFER MEMORY — READ 


CYCLE 


To perform a read operation, ST must be High 
and SO must be Low. When these conditions 
exist and other control parameters (Table 1) are 
satisfied, the read address contained in Count- 
er #2 (Figure 1) is output to the address bus and 
the READ output goes Low. When the read 
cycle is ended (SO is forced High) the READ 
output goes High, the output buffers return to a 
High-impedance state. Counter #2 (Read Ad- 
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dress Generation) is incremented. Counter #3 
(Status) is decremented, and Counter #1 (Write 
Address Generation) remains unchanged. 


CONTROL LOGIC 

To prevent the possibility of operational con- 
flicts, ST and SO are treated on a first-come/ 
first-served basis; these two input signals are 
controlled by internal arbitration logic — refer to 
the applicable Timing Diagrams and AC Char- 
acteristics for functional and timing relation- 
ships. If one cycle is requested while the other 
cycle is in progress, the requested cycle will 
commence as soon as the current-cycle is com- 
plete (provided other control parameters are 
satisfied). 


As shown in the accompanying diagram, the 
buffer length of the FIFO memory can be hard- 
ware-selected via the Length Select (LS1, LS2) 
Inputs. When less than the maximum length is 
selected, the unused High-order bits of the ad- 
dress outputs are held in the High-impedance 
State. 
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Generation of the status output signals (HALF 
FULL, FULL and EMPTY) is a function of the 
Length Select (LS1, LS2) inputs and the current 
state of Status Counter #3. In general, the sta- 
tus outputs reflect the conditions that follow: 


e HALF FULL — this status output signals 
goes High on the positive-going edge of ST 
if the MSB of the selected length of Count- 
er #3 becomes 2 “1”. The HALF FULL sig- 
nal will go from High-to-Low on the posi- 
tive-going edge of SO when, after the read 
cycle, the selected length of Counter #3 
changes from “100 ... 00” to O11... 11”. 
For example, if the selected memory length 
is 256 words (FULL = 256), then HALF 
FULL = 128 words; hence, on the posi- 
tive-going edge of SO when Counter #3 
reaches a count of 127, the HALF FULL 
output will go from High-to-Low. 


e FULL — this signal serves both as a status 
output and as an override input. The FULL 
signal goes High on the negative-going 
edge of SI if all bits of Counter #3 for se- 
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lected length are equal to “1”. The FULL 
output goes from High-to-Low on the nega- 
tive-going edge of SO. 


e EMPTY — this signal also serves as a sta- 
tus output and as an override input. On the 
negative-going edge of SO, the EMPTY 
output is driven High if Status Counter #3 
contains a value of “1”; on the positive-go- 
ing edge of SO, the counter is decremented 
to “O”. The EMPTY output goes from 
High-to-Low on the negative-going edge of 
SI. 


Once the FULL signal is High, further Write 
Cycle Requests (SI = low) are ignored; similarly, 
once the EMPTY signal is High, further Read 
Cycle requests (SO = low) are ignored. Howev- 
er, to accommodate diversified applications, 


Table 1. Summary of Operation 
INPUTS INITIAL 


mal 
os 


LL=L 
ULL=.A 
MPTY =L 
MPTY =H 


ae LL LL 


MPTY =H 


1} m 


FULL 
EMPTY = 


See eee ala 
pete Fe See eee se 
ee) ee lee eee eee ead 


NOTES: 


CONDITIONS 


rite cycle in progress 


ead cycle in progress 


ULL =H 


Write cycle in progress 


FULL = L; write cycle L 
begun! 

EMPTY = L; read cycle 
begun? 


the FULL and EMPTY outputs are open-collec- 
tor with on-chip 4.7K passive pull-up resistors. If 
either the FULL or EMPTY pins are forced Low 
via external control, the corresponding write or 
read cycle may resume (provided external 
FULL or EMPTY input is held Low until the cor- 
responding WRITE or READ output goes Low) 
and the address/status counters will continue 
normal operation* — refer to Table 1. 


The user must force the RESET input Low to ini- 
tialize the chip. (Note. If the RESET signal is 
driven Low during a write or read cycle, the ad- 
dress output may have a short period of uncer- 
tainty before assuming a_ high-impedance 
state.) The following actions occur when RE- 
SET is active: 

e All internal counters are set to “0”. 


RESULTING OUTPUTS 
Address Bus 


O);r}es|/ zi) 
N NIN 


a 


Goes to Hi-Z 


Goes to Hi-Z 


from Ctr #2 


from Ctr #1 


= 
N 


H 


aa 


rite address from Ctr #1 


ead address from Ctr #2 Shift out of FIFO stack (Read Cycle) 


Write address from Ctr #1 
Read address from Ctr #2 


Write address from Ctr #1 
Read address from Ctr #2 


Changes to read address 


Changes to write address 


= 
N 


Write address from Ctr #1 


Read address from Ctr #2 


= 
N 


e All address output lines are forced to the 
high-impedance state. 


e HALF FULL and FULL outputs are forced 
Low. 

e WRITE, READ, and EMPTY outputs are 
forced high. 


When CE is High, the address output lines are 
forced to the high-impedance state, further 
write or read cyclerequests are ignored, andall 
counters remain unchanged. If CE switches 
from Low-to-High during a write or read cycle, 
the cycle in progress is always completed be- 
fore the disabled state is entered. For details of 
these operations, refer to the timing information 
shown later in this data sheet. 


* Refer to Note on inside back cover 


COMMENTS 


Stack empty (read inhibited) 


Increment write address counter #1 and 
status counter #3 


Increment read address counter #2; 
decrement status counter #3 

Increment write address counter #1 and 
status counter #3 
Increment read address counter #2; 
decrement status counter #3 

Chip disabled 

Chip disabled 


Continue write cycle (until ST goes high) 
Continue read cycle (until SO goes high) 
This set of conditions should be avoided 


1. Write cycle will occur if either Sl goes Low before SO goes Low or EMPTY = H when SO goes Low. 


2. Read cycle will occur if either SO goes Low before ST goes Low or FULL = H when SI goes Low. 
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ABSOLUTE MAXIMUM RATINGS 


ve 

i vs 
Voc 

°C 


Tsta Storage temperature range -65 to +150 


DC ELECTRICAL CHARACTERISTICS 4.5V < Voc < 5.5V,-55°C < To < +125°C 


SYMBOL PARAMETER TEST CONDITIONS 


High level input voltage? 


LIMITS 


Low level input voltage 


High level output voltage: All outputs 7 ee 

except FULL and EMPTY Voc = MIN; loy = —2.6mA 
Low level output voltage: Address 

Bus, WRITE, READ Voc = MIN; Io, = 16mA 


0.3 


sae EOL ose EMPTY 
Sect FULL of Sk EMPTY 
aptFULL ana eMPTy 
setae 2 rrent: address 46 


WRITE, READ Voc = MAX; Von = OV —40 


Voc = MAX; Address -55°C > 
+25°C > 
Bus = Hi-Z +125°C > 


0. 


b = 


< 


V 
V 
V 
V 
V 
V 
| 
| 
| 


b 


sl 


IH 
IL 
OH 
OL 
OL 
IK 

IH 

IH 

IL 
le 
lou 
lozt 


il ale] {eleletetele eles) |e Ie 
ell EL Tt 


—7 


81 140 mA 
122 mA 


@ 
_ 


Supply current from Voc 


8 


8/8 


-55°C > 
Vea = MAX +25°C > 
+125°C 


lap Supply current from Ves 


aval 
—_ 
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AC ELECTRICAL CHARACTERISTICS 4.5V < Vcc < 5.5V, -55°C < To < +125°C 


SYMBOL PARAMETERS REFERENCES TEST CONDITIONS LIMITS UNIT 
| From | To _Min | Typ | Max | 


Pulse Widths 


Tu _[Siigh SSSR Sach appronching FULL | 
Tow [SOhign ———————*«dtCTSO | 150 | Stackapproaching EMPTY —_| 30 | 
io 
Tsi FULL Low SO=High [a0 | | 7 

its acs 
Twa [Adress iagtime = TWRITE [An Es 
Trix [Address ouput sabi | _TSt_[ an (uz) _ 
" 

-_ 


+ 
- 
> 

J 


NIN 


Tle EMPTY status inactive delay LEMPTY Stack = EMPTY 
THFH HALF-FULL status active delay dead Stack approaching HALF-FULL 


Both ST & READ = Low 


4 
1) 
= 

° 
Cc 
| 
= 
» 
2. 
=. 
oO 
is} 
ae 
io) 
= 
= 
O 
it) 
Qa. 
a 
i 


Tox __[Adsressstabiodoly | 180 [av | ewrTV- tow SIoigh | 
Tons Tread | EWPTY-Low SI=Wigh | 
7 SO 2 
m= ro 
Tor 0 [man>SC*dYC 
Tos [EMPTY status acive olay | _JS0_| TEWPTY | Stack approaching EMPTY: ST= igh |_| 28 | 
_ 
_ 


i 


Tor FULL status inactive delay FULL Stack = FULL 
THEL HALF-FULL status inactive delay aie Stack exactly HALF-FULL 


Tia __ [READ ouiputacive aterwite | TS1_| UREAD | _ fohSO8 WRITE = Low 
Chip Enable Timing (Write) 


EMPTY = Low; ST = High 


EMPTY = Low; SI = High 


NOTES: 

1. Vag should be obtained from a regulated 1.5V supply. 

2. Typical limits are: Voc = 5.0V; Ta = 25°C. 

3. Because of the internal pull-up resistor on the FULL and EMPTY pins, a negative current is required to force the required voltage. 
4. Such that write/read request is inhibited after stack becomes full/empty. 

5. The earliest rising edge of CE such that the WRITE or READ output always occurs. 

6. The latest rising edge of CE such that the WRITE or READ output never occurs. 
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AC TEST CIRCUITS 


APPLICABLE PINS: WRITE (7), APPLICABLE PINS: 
READ (8), HALF FULL (10) An (15-20, 22-27) 


TESTPOINT Voc 


R,? 
FROM OUTPUT 
UNDER TEST 
FROM OUTPUT 
CL UNDER TEST 
30pF 


TC03361S 


TEST POINT Voc OUTPUT SWITCH 
STATE POSITION 
a |FRom/ To | st 
Closed | Closed 


NOTES: 

1. In all cases C, includes probe and jig capacitance 
2. All diodes are 1N916, 1N3064, or equivalent. 

3. For READ and WRITE outputs, R, = 280 ohms; 


APPLICABLE PINS: FULL (8) for HALF FULL output, R, = 2K ohms. 
AND EMPTY (11) 


TEST POINT Vcc ete 


FROM OUTPUT 
UNDER TEST 


TC03371S 


AC TEST WAVEFORMS 


OUTPUT 
(Inverted) 


WF 10820S 
Propagation Delay 
(Typical Example) 


NOTE: 
Pulse widths and Setup/Hold times are measured using the same reference points as above waveform. 


-3V 

OUTPUT ENABLE | GONTAGE (Actie 
: Vv 

CONTROL (Active Vm M Low Input) 

Low Input) ' \ 


{| tezH je ey PHZ 0.5V 
| | 


OUTPUT 
OUTPUT 


WF 10830S WF 10840S 


For all waveforms, Vy = 1.5V. 


3-State Enable Time to LOW Level 3-State Enable Time to HIGH Level 
and Disable Time From LOW Level and Disable Time From HIGH Level 
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TIMING DIAGRAMS 


> SS 


» oe 
—™ ef o8 2S 
= ate Statereteereee’, 


; | | 
he thraw—Pt ee tet twa} 
WF 10850S 
Write Cycle Timing 


# OF ENTRIES 


IN STACK #0 N 


<=1> dl aad 


Si 
> te 


EMPTY 


FULL | 
$$$ re 


WF 10870S 


Status Output Timing-Write 


WF 10890S 


tpar— be- ton trac 
| 
READ a eS 
WF10860S 
Read Cycle Timing 


# OF ENTRIES 
IN STACK 


FULL 
er Soeeneee eee, Serene 


WF 10880S 


Status Output Timing-Read 


WF 10900S 


Chip Enable Timing Write* Chip Enable Timing Read! 


NOTE: 
The rising edge of CE should not occur within 10-nanoseconds before or after a falling edge of Si or SO. 
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TIMING DIAGRAMS (Continued) 


FORCED LOW 
FULL “h “4 BY USER 


WF 10920S 


\ 
| 


WF10910S 


Change of Cycle Timing Full Override Timing 


i, renee aa 


ESET 
Me tre {tar be 


FORCED LOW 
EMPTY + <—_ BY USER 


WF10940S 


Fy High-impedance state 


GW Changing data 


WF10930S 


Empty Override Timing Reset Timing 
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APPLICATIONS 


56!)( 25%) 
0.SW 
REQUEST 


TO WRITE DATA 
INTO FIFO BUFFER 


REQUEST 
TO READ DATA 
FROM FIFO BUFFER 


5 WRITE CYCLE 
ACKNOWLEDGE 
READ CYCLE 
BUFFER LENGTH ACKNOWLEDGE WE OWE ADDRESS 
SELECTION BUFFER HALF- 
FULL STATUS 
BUFFER FULL 
STATUS 


BUFFER EMPTY 
STATUS 


= 
< 
1-3 
© 
= 
re 


CONTROLLER 


ENABLE FIFO 
CONTROLLER 


RESET FIFO 
COUNTERS 


OUTPUT 
DATA 


AF03340S 


Implementation of a FIFO Buffer Using the 8X60 and High-Speed RAM 


DELAY TO EXTEND AODRESS HOLD TIME 
AFTER THE RISING EOGE OF WE 


WRITE CYCLE 
REQUEST 


8X60 
OFTEND ADDRESS | _ FIFO RAM OQ) WE ADDRESS 


SETUP TIME CONTROLLER 
BEFORE THE 

FALLING EDGE 

OF WE 


WRITE CYCLE 
REQUEST 


Si 
WRITE 


tsp] 
ADDRESS | 


EXTENDED ADORESS 
SETUP TIME 


EXTENDED ADDRESS 
HOLD TIME 


WE (RAM) 


AF03350S 


Using 8X60 With High-Density MOS RAMs 
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FEATURES 

e Fetch, Decode, and Execute a 16-bit 
Instruction in a minimum of 200ns 
(one machine cycle) 


e Bit-oriented Instruction set 
(addressable single- or multiple-bit 
subfields) 


e Separate buses for Instruction, 
Instruction Address and 3-State I/O 


e Thirteen 8-bit general-purpose 
working registers 


e Source/destination architecture 


e Bipolar low-power Schottky 
technology/TTL inputs and outputs 


e On-chip oscillator and timing 
generation 


e Single +5V supply 
e Multiple package options 


PRODUCT DESCRIPTION 

The Signetics 8X305 Microcontroller is a 
high-speed bipolar micro-processor im- 
plemented with low- power Schottky tech- 
nology. In a single chip, the 8X305 
combines speed, flexibility, and a bit-ori- 
ented instruction set. These features and 
other basic characteristics of the chip 
combine to provide cost-effective solu- 
tions for abroad range of applications. The 


ORDERING INFORMATION 


8X305 


Microcontroller 
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8X305 is particularly useful in systems that 
require high-sped bit manipulations — so- 
phisticated controllers, data communica- 
tions, very fast interface control, and other 
applications of a similar nature. 


The 8X305 can fetch, decode, and ex- 
ecute a 16-bit instruction word in a mini- 
mum of 200ns. Within one instruction 
cycle, the 8-bit data-processing path can 
be programmedto rotate, mask, shift, and/ 
or merge single or multiple bit subfields 
and, in addition, perform an ALU opera- 
tion; in the same instruction, an external 
data field can be input, processed, and 
output to a specified destination — like- 
wise, single or multiple bit data fields can 
be fetched, processed, operated on by the 
ALU, and moved to a different location — 
all in a timeframe of 200ns. To interface 
with I/O and program memory, the 8X305 
uses a 13-bit instruction address bus, a 
16-bit instruction bus, an 8-bit bidirectional 
multiplexed I/O data/address bus and a 
5-bit I/O control bus. 


A wide selection of I/O devices, interface 
chips, and special-purpose parts are avail- 
able for systems use. In most applications, 
the more powerful 8X305 is functionally in- 
terchangeable with its predecessor — the 
8X300. 


CLOCK FREQUENCY 
10MHz 


10MHz 


February 13, 1989 


571 


PIN CONFIGURATION 


853-0299 F03025 


Signetics Military Customer Specific Products Product Specification 


Microcontroller 8X305 


PIN CONFIGURATIONS 


FLAT PACK 


TOP VIEW 
CD09390S 


PIN DESCRIPTION 


FLATPACK LLCC DIP 
PIN NO. PIN NO. PINNO. | 'DENTIFIER FUNCTION 
4} __t_ ten Regulated voltage input from series-pass transistor (2N5320 or equivalent). 


Program Address Lines: These active-high outputs permit direct addressing of 
up to 8192 words of program storage; Aj2 is Least Significant Bit. 


10-11 Timing generator connections for a capacitor, a series resonant crystal, or an 
external clock source with complementary outputs. 
Se Se NR 


13-28 17-23, Instruction Lines: These active-high input lines receive 16-bit instructions from 
28-36 program storage; |;5 is Least Significant Bit. 
37 SC Select Command: When high (binary 1), an address is being output on pins IVO 
through IV7. 
ae Command: When high (binary 1), data is being output on pins IVO through 


Left Bank Control: When low (binary 0), devices connected to the Left Bank are 
accessed. (Note: Typically the LB signal is tied to the ME input pin of I/O periph- 
erals.) 
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DIP 
PIN NO. 


FUNCTION 


Right Bank Control: When low (binary 0), devices connected to the Right Bank 
are accessed. (Note: Typically, the RB signal is tied to the ME input pin of I/O 
peripherals.) 


IDENTIFIER 


MCLK 


FLATPACK LLCC 
PIN NO. PIN NO. 


Interface Vector (Input/Output Bus) — these bidirectional active-low 3-State lines 
communicate data and/or addresses to I/O devices and memory locations. A low 
voltage level equals a binary “1”; [V7 is Least Significant Bit. 


+5V power supply. 


Master Clock: This active-high output signal is used for clocking I/O devices 
and/or synchronization of external logic. 


When RESET input is low (binary 0), the 8X305 is initialized — sets Program 
Counter/Address Register to zero and inhibits MCLK. For the period of time RE- 
SET is low, the Left Bank/Right Bank (LB/RB) signals are forced high asynchro- 
nously. 


When HALT input is low (binary 0), internal operation of the 8X305 stops at the 
start of next instruction; MCLK is not inhibited nor is any internal register af- 
nously driven high during the first quarter of the instruction cycle time and remain 
high during the time HALT is low 


fected; however, both the Left Bank/Right Bank (LB/FB) signals are synchro- 


35-38, 46-49, 

40-43 55-58 
Internally-generated reference output voltage for external series-pass regulator 
transistor. 

=e ns eT 


NOTE: Multiple = GN D, and Vcr pins must be externally connected. 


ELECTRICAL PERFORMANCE CHARACTERISTICS AND TEST REQUIREMENTS 


For Absolute Maximum Ratings, Recommended Operating Conditions, and Electrical Test Requirements, refer to Military Drawing 85502. 


For Detail Application Notes, contact Signetics Military Marketing at (408) 991-2722. 
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FEATURES 
e Three prioritized interrupts 


e Subroutine handling capabilities 


e 4-level LIFO stack for return 
address storage 


e Interrupt masking by software and 
hardware 


e Stack full flag 


e Directly compatible with 8X305 
Microcontroller 


e Bipolar ISL (Integrated Schottky 
Logic) and low-power Schottky 
technology 

e Single +5V power supply 


e 0.6”, 40-pin DIP 


PRODUCT DESCRIPTION 

The Signetics 8X310 Interrupt Control Co- 
processor (ICC) supports the 8X305 Mi- 
crocontroller in systems that are interrupt 
driven and those that require subroutine 
handling capabilities. 


A o-ls PROGRAM MEMORY 


INTO 
iNT 1 
C2 ——= 


INTERRUPT 
DISABLE 


ee 


ROM 
DISABLE 
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As shown in Figure 1, the ICC provides 
three prioritized interrupt request lines, 
INT 0 (highest priority), INT 1 and INT 2.A 
Low-to-High transition applied to any of 
these input lines latches in an interrupt re- 
quest which may be serviced when 
sampled by the ICC once each instruction 
cycle of the Microcontroller. When an in- 
terrupt request is serviced, the ICC forces 
the Microcontroller to jump to one of three 
fixed locations in program memory; in- 
struction addresses 4, 5, and 6 corre- 
spond to INT 0, INT 1, and INT 2. At each 
of these addresses, the user programs a 
JMP instruction to another address where 
the user’s interrupt service routine begins. 


During interrupt servicing, the ICC also 
stores the proper return address into afour 
deep, Last-In-First-Out (LIFO) stack. At 
the conclusion of the interrupt service rou- 
tine, the user program instructs the ICC to 
return to the main program at the location 
previously stored in the stack. The return 
operation is implemented by coding aspe- 
cial RETURN instruction which is decoded 


Ao-Ai2z 


STACK FULL 


8X31 
INTERRUPT CONTROL 


COPROCESSOR 


MICROCONTROLLER “~“? 


SYSTEM INTERFACE IV BUS 


Figure 1. Typical System Connections Using ICC 
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directly off the instruction bus by the ICC. 
There are five such special instructions re- 
lating to interrupt and subroutine handling 
functions performed by the ICC. These in- 
struction codes are all treated as non- 
operational instructions (NOPs) by the Mi- 
crocontroller. 


An internal one-bit mask is used to inhibit 
interrupt servicing. Whenever the mask is 
set, the |CC does not respond to any pend- 
ing interrupt requests; however, any re- 
quests remain latched for future servicing. 
The mask can be set and cleared either by 
the user program or automatically during 
certain ICC functions. The special instruc- 
tions SET MASK and CLEAR MASK are 
provided for user control. The Interrupt 


Disable input also inhibits interrupt 
request servicing. 
ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
40-Pin DIP 8X310/BQA 


PIN CONFIGURATION 
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PIN DESCRIPTION 


IDENTIFIER 


INT 0 —INT 2 


HALT 


The ICC provides a facility for implementing 
subroutines in the user program. A special 
PUSH instruction directs the ICC to store the re- 
turn address into the stack in a manner similar 
to interrupt servicing. The jump to the subrou- 
tine, however, is performed by the user pro- 
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FUNCTION 
4 Ground. (Note: The printed circuit board should not use the ICC as a bridge for external ground.) 


Program address input lines from Microcontroller. Active High. Ag is MSB. 


Interrupt request input pins. INT 0 has the highest priority and INT 2 the lowest 
— Edge-triggered on a Low-to-High transition. 


Bidirectional instruction bus; Ip is MSB. When acting as an input, the ICC decodes the instruction flow 
(binary pattern on Ip — I15) between program storage and the Microcontroller. During an interrupt or return 
cycle, the ICC outputs a JMP instruction to the Microcontroller via these lines — refer to FUNCTIONAL 

OPERATION of ICC. 


MasterCLocK — Active-High input from 8X305 Microcontroller used for a timing reference and system syn- 
chronization. 


ROM (or PROM) Disable — Active-High output used to disable normal program storage so that the ICC can 
force an instruction to the Microcontroller. 


STack Full — Active-High output. When the LIFO stack if full, STF goes High and remains High until at least 
one register in the 4-level stack is empty. 


Interrupt Disable — Active-High. When this input pin is driven High, servicing of all interrupt requests is 
suspended. 


Active-Low output. Suspends all processing operations of the Microcontroller during period when the source 
of instruction data is changing between the ICC and program storage. 


gram. Subroutines may be nested (called from 
within other subroutines) depending on remain- 
ing vacancies in the four deep stack. 


In general, the ICC adds some useful and very 
flexible facilities to the 8X305-based system. It 
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offers both hardware and software capabilities 
that can improve efficiency and decrease pro- 
gram size. These features, from both achip and 
system aspect, are described in subsequent 


paragraphs. 
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FUNCTIONAL OPERATION 


Basic Functions 
The ICC performs the three general functions 
indicated below. 


Function 1: Provides a means for the 8X305 
Microcontroller to respond to interrupt requests 
by diverting the program flow of the 8X305 Mi- 
crocontroller to the proper interrupt service rou- 
tine or, in the case of asubroutine, the IC stores 
the return address in the 4-level LIFO stack 
(Figure 2.) 


Function 2: Returns the user to the proper 
point in the man program for both interrupt and 
subroutine activities. 

Function 3: Provides both automatic and pro- 
grammed masking capabilities. 


Interrupt Requests and Priority 


Considerations 
An interrupt is requested when any one of the 
ICC input pins INTO, INT 1, or INT 2undergoes 


a Low-to-High transition; this request is tempo- 
rarily stored in an internal edge-triggered latch 
that corresponds to the affected interrupt input. 
The interrupt request latches are part of the 
Priority and Mask Logic shown in Figure 2. 
Unless masked or otherwise disabled, the ICC 
samples these latches once each instruction 
cycle. Any or all of the latches may be set when 
sampled by the ICC; however, only the interrupt 
of highest priority will be serviced — the remain- 
ing interrupts will be held in queue. Thus, if INT 
0, INT 1 and INT 2 simultaneously compete for 
service, INT Ois the first to be serviced followed, 
in order, by INT 1 and INT 2; likewise, if INT 1 
and INT 2 compete for service, INT 1, being of 
higher priority will be serviced first. The CLEAR 
INTERRUPT instruction resets all interrupt 
request latches without affecting an interrupt 
service routine that is already in progress. 


The highest priority interrupt request will be 
serviced when sampled by the ICC provided 


interrupts in general are not inhibited and a pre- 
vious interrupt of equal or higher priority is not 
currently being serviced. The general masking 
of interrupts is discussed later. To determine 
priorities, the |CC keeps track of any interrupt 
that is serviced until the corresponding service 
routine returns. A subsequent interrupt request 
may interrupt a service routine in’progress only 
if itis of a higher priority than that of the current 
interrupt being serviced. If, forexample, INT 1is 
requested and serviced, then before its service 
routine finishes, a request on INT 0 can be serv- 
iced as asecond level interruption. However, a 
request on INT 2 or asecond request on INT 1 
must wait until the original INT 1 service routine 
returns. The interrupt service routine that was 
interrupted will resume execution at the point of 
interruption when the higher priority service 
routine returns (i.e., in the same manner as 
when returning to the main program). 


4-LEVEL 
LIFO STACK 


INSTRUCTION 
DRIVERS 


—") 
RECEIVERS 
AND DECODE 


PRIORITY 
AND MASK 
LOGIC 


INTERNAL CHIP 
CONTROL 


€S 
C8) 
C7) 
C6) 
C5) 
C4) 
C3) 
C2) 
G9) 
(C38) 
GY 
(36) 
Gs) 
Go) 
G1) 
2) 
G3) 
(30) 


CONTROL 
LOGIC 


Figure 2. 8X310 Interrupt/Control Coprocessor — Functional Block Diagram 


BD02610S 
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Interrupt Servicing 

Interrupts are sampled only at the conclusion of 
an instruction cycle while the next instruction is 
being fetched from Program Memory. 


When an interrupt request is serviced, the fol- 
lowing general steps are performed: 


e Address of the instruction that would nor- 
mally be executed next is pushed into the 
4-level LIFO Stack (Figure 2) for subse- 
quent return to the main program. 


@ The ICC disables program storage and 
forces a JMP instruction onto the Instruc- 
tion bus of the 8X305 Microcontroller. 
(Note: because of timing considerations, 
the HALT signal is driven low to suspend 
operation of the Microcontroller for one in- 
struction cycle; this permits the source of 
instruction data to change from program 


(any) 


storage to the ICC without conflict.) The 
JMP instruction from the ICC transfers the 
Microcontroller to one of the three fixed 
program locations shown below. In each of 
these addresses, the user will normally 
store a JMP instruction to the interrupt ser- 
vice routine for that particular interrupt. De- 
tails of these operations are described later. 


BT Ore aaa wee stacnee ares Address 4 
WD Fos 055 wee can eteos eis Address 5 
OBE bs. a: p.e0oam oH ace ee eres Address 6 


Return from Interrupt Service 


Routine 
Upon completion of the interrupt service rou- 
tine, the user codes the special RETURN 


instruction. When executed, the ICC performs 
the following steps: 


@ The return address is popped from the 
LIFO stack 


e The ICC disables program storage and 
forces a JMP instruction onto the Microcon- 
troller instruction bus with the return ad- 
dress from the stack. (The HALT signal is 
driven low for one instruction cycle.) 


e The JMP instruction from the ICC transfers 
the Microcontroller to the instruction that 
was about to execute at the time the inter- 
rupt was taken. 


A typical structure for a user program which 
handles interrupts is shown in the following 
example: 


COMMENT 


First instruction executed after system reset 
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JMP MAIN 

JMP SERVO 
JMP SERV1 
JMP SERV2 


(any) 


MAIN R6,R6 


(any) 


@ 

e 

MOVE R6,R6 
(any) 


MOVE R6,R6 
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Jump around interrupt vector locations. 
Service INT 0 interrupt. 

Service INT 1 interrupt. 

Service INT 2 interrupt. 

Continue main program. 


Begin INT 0 service routine. 


ICC RETURN instruction. End INT 0 service routine (resume 
main program execution). 


Begin INT 1 service routine. 


RETURN from INT 1 service routine. 
Begin INT 2 service routine. 


RETURN from INT 2 service routine. 
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Table 1. Instruction Set For ICC 


INSTRUCTION INSTRUCTION CODES 8X305 DESCRIPTION OF ICC OPERATION 
OPERATION 
lo=MSB- |15=LSB 
a L 
When executed, sets interrupt mask, thus 
SET MASK MOVE R5,R5 000 00101 000 00101 | NOP inhibiting all interrupt servicing. 
CLEAR MASK MOVE R4,R4 000 00100 000 00100 NOP hide pane IMerpt Mesh terial 
pts. 

RETURN MOVE R6,R6 000 00110 000 00110 When executed returns program to address 


at top of LIFO stack. 
PUSH 


Pushes “address + 2” onto stack if PUSH is 
programmed on odd address in program 
memory and “address + 1” if PUSH is pro- 
grammed on even address. 


MOVE R3,R3 000 00011 000 00011 


Instruction Set 

The five instructions shown in Table 1 allow the 
user to efficiently manage both the interrupt and 
subroutine capabilities of the ICC in an 
8X310/8X305-based system. When an ICC in- 
struction appears in the program, it is inter- 
preted as a NOP by the 8X305 but is captured 
and decoded by the ICC to perform the desired 
function. The capture-and-decode functions of 
the chip are automatic. Assembly and object 
codes for each ICC instruction are shown in 
Table 1. 


Interrupt Masking Operations 

Certain operations performed by the ICC and 
also some system considerations require that 
program execution not be interrupted for a spe- 
cified interval of time. The servicing of interrupts 
by the ICC can be inhibited in a number of ways. 
Any time interrupts are inhibited, the ICC ig- 
nores any latched interrupt requests. However, 
the interrupt request latches are not cleared so 
that any previously pending requests remain 
latched. Also, during an interval when interrupt 
servicing is inhibited, any new interrupt signals 
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CLEAR 
INTERRUPT MOVE R2,R2 


000 00010 000 00010 


received will get latched. As soon as interrupt 
servicing is enabled, any latched requests can 
be serviced on a priority basis. 


The primary means of inhibiting interrupt servic- 
ing is the internal one-bit mask (latch). This 
mask can be set (to inhibit interrupts) or cleared 
under control of the user program using the spe- 
cial ICC instructions SET MASK and CLEAR 
MASK — See Table 1. With these instructions, 
segments of the user program can be isolated 
SO as to proceed without interruptions. Fre- 
quently, uninterruptable segments are needed 
at the very beginning of the user program (ini- 
tialization routine) and at the beginning of, or 
throughoutan interrupt service routine. To facili- 
tate this, the ICC automatically sets the mask 
whenever the Microcontroller executes ad- 
dress zero (typically resulting from a system re- 
set) and whenever the ICC services an inter- 
rupt. The ICC also automatically clears the 
mask after performing a RETURN operation 
from an interrupt service routine; a RETURN 
from a subroutine does not affect the status of 
the interrupt mask. 
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Clears all interrupt requests; an interrupt ser- 
vice routine that is in progress is unaffected. 


The Interrupt Disable (ID) input pin may also be 
used to inhibit interrupt servicing. Interruptserv- 
icing remains disabled as long as a high level is 
applied to the input. The ID input has no effect, 
however, on the status of the internal interrupt 
mask. 


To ensure proper program flow, the ICC sus- 
pends interrupt servicing momentarily during 
certain situations. During the cycle in which the 
Microcontroller encounters and XEC (Execute) 
instruction an interrupt will not be serviced. This 
is because the XEC causes the Microcontroller 
to issue an address of an instruction to be ex- 
ecuted out of the sequence of normal program 
flow. This would not be a valid address. 


Interrupts are also suspended during execution 
of a PUSH or RETURN instruction and the in- 
struction immediately following. This ensures 
proper operation of the LIFO stack. In addition, 
no interrupts are latched or serviced and no 
special ICC instructions are decoded at ad- 
dress zero which resets the ICC. 
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Subroutine Calling 

The ICC provides for subroutine calling by stor- 
ing the proper return address into the LIFO 
stack under control of the user program. Two in- 
structions are required to implement a subrou- 
tine call — a PUSH instruction executed by the 
ICC and a JMP to the subroutine executed by 
the Microcontroller. The PUSH instruction is 
normally programmed at an odd-numbered ad- 
dress in program memory immediately followed 
by the JMP. When the PUSH instruction is 


X (any odd-numbered address) 


X + 1 (even) 


X + 2 (odd) 


(any address) 
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MOVE R3,R3 


JMP SUBR 


(any instruction) 


MOVE R6,R6 


executed, the ICC finds the address of the next 
instruction (JMP to subroutine) on the Micro- 
controller's address bus, internally changes the 
least-significant bit to one (effectively adds one 
to the address) and stores this into the stack. 
Program execution proceeds normally and the 
Microcontroller makes the jump to the begin- 
ning of the subroutine. The subroutine may be 
located at any convenient place in program 
memory. 


ADDRESS INSTRUCTION COMMENT 


PUSH instruction initiates subroutine call by causing ICC to 
push the address X + 2 onto the stack. (The PUSH instruc- 
tion is interpreted as a NOP by the Microcontroller.) 


The Microcontroller JMPs to the beginning of the subrou- 


tine. 


subroutine. 


to X + 2. 
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Main program execution resumes here after RETURN from 


Execution of subroutine starts here. 


RETURN instruction causes ICC to transfer program back 


Upon completion of the subroutine, the user 
codes the RETURN instruction in the same 
manner as for an interrupt service routine. At 
that point, the ICC forces the Microcontroller to 
resume execution of the main program atthe in- 
struction immediately following the JMP-to- 
subroutine instruction. 


The code for a typically subroutine call-and- 
return is shown in the following example. 
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Stack Operation 

The LIFO stack holds up to four 13-bit program 
addresses which allows the ICC to return from a 
subroutine or interrupt service routine. When all 
four stack locations are filled, the STack Full 
(STF) output pin is driven high and remains high 
until a RETURN (or reset) operation occurs. If 
an additional interrupt is serviced or subroutine 
called while the stack is full, the stack will over- 
flow and the oldest return address will be over- 
written and lost. That is, the stack retains the 
four most recent entries. After an overflow, the 
status of the STF output is not valid (until a reset 
operation occurs). 


To prevent an interrupt from overflowing the 
stack, the user can connect the STF output di- 
rectly to the Interrupt Disable (ID) input of the 
ICC. Then, even if the internal mask and priori- 
ties permit interrupt servicing, the interrupt re- 
quest must still wait for the most recent service 
routine or subroutine to return. 


Because subroutine calling is controlled explic- 
itly by the user software, the user can always 
ensure that subroutine nesting alone could not 
overflow the stack. However, care must be tak- 
en whenever calling a subroutine from within an 
interrupt service routine since the number of re- 
maining stack locations may vary at the time the 
interruptis taken. If, for example, three stack lo- 
cations are already filled (STF is low) at the time 
an interrupt is serviced, then a subroutine call 
executed within the interrupt service routine 
would cause the stack to overflow and the earli- 
est return address to be lost. 


As mentioned earlier, whenever a RETURN op- 
eration is performed from an interrupt service 
routine, the internal interrupt mask is automati- 
cally cleared. A RETURN from a subroutine, 
however, does not affect the status of the mask. 
To accomplish this, a flag bit is added to each of 
the four stack locations which records whether 
each address pushed into the stack is caused 
by an interrupt or a subroutine call. This flag is 
read during a RETURN operation to determine 
whether or not the interrupt mask is cleared. 
This allows interrupt servicing and subroutine 
calls to be intermixed in any order. 
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Initialization 

The ICC decodes address zero as a reset com- 
mand to perform certain initialization functions. 
(Zero is the firstaddress generated after the Mi- 
crocontroller is reset.) Specifically, the instruc- 
tion-bus drivers are placed in a high-impedance 
state, HALT output is set high, RD output is set 
low, and all interrupt request latches are 
cleared. The interrupt mask is set so that any 
initialization routine by the user will not be inter- 
rupted until a CLEAR MASK instruction (MOVE 
R4,R4) is executed. The LIFO stack is reset to 
an empty state and the STF output is set Low. 


SYSTEM TIMING RELATIONSHIPS 


Interrupt Servicing 
Interrupt servicing begins at the end of the Mi- 
crocontroller instruction cycle when the 
8X305's MCLK signal goes from Low-to-High. 
Starting from this point, processing of the inter- 
rupt proceeds as follows: 


From the rising edge of MCLK 1: 


@ Interrupt mask is set to inhibit other inter- 
rupts. 


@ HALT output is driven low to stop internal 
operation of the 8X305 Microcontroller for 
one instruction cycle; MCLK is unaffected. 
ROM Disable (RD) output is driven high to 
disable program memory. 


From the falling edge of MCLK 1: 


e Takes address of next instruction from ad- 
dress bus and pushes it onto the top of 
Stack to be used as the return address to 
the main program. 


From the rising edge of MCLK 2: 


@ The ICC forces a JMP onto the instruction 
bus to one of three fixed vector addresses: 


ONT © ccctcaaane cca oh Address 4 
DOT Bac osc owen ce ee eek Address 5 
WEL 2c axed geen as veaees Address 6 


e Releases HALT (High) which allows the Mi- 
crocontroller to complete the JMP to the 
above specified vector location in program 
memory. 


From the rising edge of MCLK 3: 


@ Instruction-bus drivers of the ICC are dis- 
abled. 


@ ROM Disable (RD) pin is cleared (Low) en- 
abling the program memory which resumes 
control of the instruction bus. 


Return Operation 

When the interruptservice routine or subroutine 
is completed, the RETURN instruction initiates 
the following sequence of events: 


From the rising edge of MCLK 1: 


@ Interrupts are temporarily inhibited through 
third MCLK cycle. 


@ HALT output is driven low to stop Microcon- 
troller for one instruction cycle. 


@ RD output is set high to disable program 
memory. 


From the rising edge of MCLK 2: 
@ HALT output is driven high (cleared). 


e A JMP instruction to address stored at top 
of LIFO stack is forced onto the instruction 
bus by the ICC. (The stack is popped.) 


From the rising edge of MCLK 3: 


@ |nstruction-bus drivers of the ICC are dis- 
abled. 


@ RD is cleared enabling the program 
memory. 


e If returning from an interrupt service routine 
(condition recorded in extra stack bit) the 
interrupt mask is cleared; otherwise the 
mask remains unaffected. 


Once the preceding return actions are com- 
pleted, the 8X305 Microcontroller will resume 
execution of the instruction at the return ad- 
dress. 
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APPLICATION HINTS 


e@ When programming an interrupt service 
routine or subroutine, certain system opera- 
tions typically need to be considered. In 
many interrupt-driven systems, a hand- 
shake signal is required to acknowledge 
the servicing of an interrupt request. The 
acknowledge signal may be transmitted by 
the interrupt service routine using a stan- 
dard I/O port from the 8X300 Family. 


@ |f the user wants to allow a higher priority 
interrupt request to interrupt a service rou- 
tine, then the CLEAR MASK instruction 
should be programmed (perhaps after com- 
pleting any critical operations). 


© For both service routines and subroutines, 
the user may need to save the contents of 
some or all of the working registers of the 
Microcontroller so that operation of the 
main program is not upset. Registers may 


SUBROUTINE AUTOMATICALLY EXECUTES TWICE 


X(even) SUBR2 MOVE R3,R3 


(start of subroutine) 


Push X + 1 onto stack. 


X + 1(odd) 


MOVE R6,R6 
program. 


be written out to a working storage RAM 
such as 8X350 near the beginning of the 
routine, and restored from RAM just before 
returning to the main program. 


Certain subroutine calling techniques may 
be used to increase the efficiency of the 
user program. As shown in the following 
examples, a subroutine can automatically 
be repeated two, three or four times, if de- 
sired, without programming a loop. 


RETURN—First time jumps to X+1; second time jumps back to main 


SUBROUTINE AUTOMATICALLY EXECUTES THREE TIMES 


X(odd) 
X + 1(even) 
X + 2(odd) 


SUBR3 MOVE R3,R3 
MOVE R3,R3 


(start of subroutine) 


‘Push X + 2 onto stack. 
Push X + 2 onto stack. 


SUBROUTINE AUTOMATICALLY EXECUTES FOUR TIMES 
X(even) MOVE R3,R3 
X + 1(odd) MOVE R3,R3 
X + 2(even) NOP 
X + 3(odd) 


Push X + 1 onto stack. 
Push X + 3 onto stack. 


(start of subroutine) 
@ @ 


@ In amanner similar to the Microcontroller multi-way branch technique, one of several subroutines can be selected according to an index value. 


SUBROUTINE CALL SELECTED BY VALUE IN R1 
a 


X(ODD) MOVE R3,R3 Push X + 2 onto stack. 
X + 1(even) XEC TABLE(R1) Execute JMP at TABLE + (R1) 
X + 2(odd) (any) Subroutine returns here. 
@ 
@ 
JMP SUBO 
JMP SUB1 


Call SUBO if R1 = 0. 
Call SUB1 if R1 = 1. 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER TEST CONDITIONS 


[vir igh evelinputvotage 
[High level input current | Voc =MAX:V=27V | | | t00 | 


Short circuit output current Voc = MAX.; Vo = OV -15 | | -100 | mA | 


Voc = MAX,; Io — I15 = Hi-Z 


Supply current 


Vin 
fle [Lowlevelinput current | oc =MAX;Mu=oav | | | -700 |__| 
Flos 


To = 125°C 
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AC ELECTRICAL CHARACTERISTICS 4.5V<Voc <5.5V, -55°C < To < +125°C 


SYMBOL PARAMETER REFERENCES TEST CONDITIONS LIMITS UNIT 
| From | To | Min | Typ | Mex _| 


Pulse Widths: 
Interrupt Low LINT; TINT; 35 


MCLK High TMCLK | JMCLK 
Propagation Delays: 


RD High | Tuk | TRD Interrupt or Return 
RD Low TMCLK IRD Interrupt or Return 
HALT Low LHALT 
HALT High | TMcLK THALT Interrupt or Return 


MCLK 
Stack full High JMCLK TSTF Interrupt or Subroutine Call 


Stack full Low JMCLK | JSTF 


Setup Times: 


Interrupt input setup!) TINT; TMCLK 


Interrupt, Subroutine, 
Address setup Ao — Ai3 TMCLK Call, or Reset 
Instruction setup!) Plots | All Commands 
Interrupt disable setup!) ID CLK 


Hold and Reset Recovery Times: 


tHiL Interrupt low input holdl®] TINT; 
tHa Address hold Ao-13 
tuc Instruction hold | YMCLK | 
tup Interrupt disable hold!) 

Interrupt reset recovery! 


Output Enable/Disable Delays: 


Instruction output enable TMCLK 


Instruction output disable TMCLK 


twiH 


twit 


twWMH For all Functions 


> 
NX 


— 
= 
(@) 
f— 
A 
N 
on 


oi 


N 


tpRL 


tPHL Interrupt or Return 7 


—_ 
—s 
on 


tps Return or Reset 


= 
= 
OQ 
xz 


>| e 
z|< 
‘@) 
[— 
A 
(oa) 


Ww 
oO 


Subroutine Call or Reset 


All Commands 


ea 
= 
2) 
zA 


TINT; 


Reset or Cancel Command 70 


EC Interrupt or Return 


ff 
ale 


> 
N 


Interrupt or Return 


NOTES: 

1. All electrical characteristics re guaranteed after power is applied and thermal equilibrium has been reached. 

2. The 230mA value is worst case over the entire temperature range. 

3. Parameters tsjy, tHiL, tsp, and typ are used only to determine whether an interrupt request will be serviced during the current or a subsequent 
instruction cycle. the INT; and ID inputs are asynchronous and transitions on either input may safely occur at any time with respect to MCLK. 
A low-to-high transition on INT; occurring after ts; and before t,,,, means only that it cannot be determined for sure whether or not the inter- 
rupt request will be honored during the current instruction cycle. Similarly, transitions on ID between tgp and typ make it uncertain as to 
whether or not masking applies during the current instruction cycle. 

4. When clearing interrupt requests (including a reset operation), any new low-to-high transitions appearing at the INT; inputs that occur before 
ta risk being cleared and therefore ignored; however, any transition after ta) is certain to be latched. 

5. tsc (minimum) = 17ns — tpr, (actual). 
(The required instruction enable time for the program memory depends on the sum of the tpp, and tgc.) 
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AC TEST CIRCUITS 


680 () 680 () 


PIN UNDER TEST yo 2.2V PIN UNDER TEST —T 3.0 V 
T 50 pF T 50 pF 


RD, STF, and HALT Outputs 


TC06051S 


tpz. and tp.z 


NOTES: 
680 () 1. Vy = 1.5V for all input signals and RD, STF, and HALT outputs. 


2. For Io-145 (togc): Vu = 1.5V 
PIN UNDER TEST OV o-l15 (toec 
For lo-l15 (topc): Vo (teiz) = Vor + 0.5V 
Vm (teHz) = Vou - 0.5V 
rT" 


TCO06041S 


lo-!45 Outputs (toec and topc) tpzH and tpyz 
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TIMING DIAGRAMS 


Interrupt Request Timing 


' 4th 1st 2nd 3rd 
ore. tT ota. ot arr. *T* otr. 1 
tWMH 
| 
MCLK | 
| 
| 
, ! | | | | 
—— (Win 
| | | | 
INT 0.1. | ' 
AND 2 | 
| 
j+—'sa | | | | 
Ao-Ai2 | PUSH THIS ADDRESS INTO LIFO STACK | | | 
oc | 


| 
| toec 


to r 
7, , SAA AAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAD | 
A000 JUMP TO ADDRESS 4, 5, OR 6 hr 
OK ily | 19, Xr 
OO ey (OUTPUT FROM 8X310) RY 
Seeeeseaaseeer (yy * cy eeeaaeee 
sc 


: IOs rrtrorTorroEoToTtTor Eo: 


WF 14550S 


Interrupt Service Timing 


lo-lis 


end: RRR HIGH Z STATE 


WWW) CHANGING DATA 


Clear Interrupt Instruction Timing 
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TIMING DIAGRAMS (Continued) 


/ PUSH THIS ADDRESS PLUS ONE 

ORE AVDRESS INTO LIFO STACK 

| 
<< 


lo-lis (FROM 
PROGRAM MOVE R3. R3 (CALL SUBROUTINE) 
MEMORY) 


WF 14570S 


Call Subroutine Timing 


MOVE R6, R6 — RETURN INSTRUCTION 
FROM PROGRAM MEMORY | 


WF 14580S 


Return Timing (From Interrupt or Subroutine) 


Legend: ERY HIGH Z STATE 


WF14590S 


Reset Timing 
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FEATURES 
e 16-byte/2-port interface 


e 8- or 16-bit primary port (Host) 
interface (User selectable) 


e 8-bit secondary port interface 


e Two 8-bit flag registers (handshake 
control) 


e DMA or programmed I/O operation 
e Two 3-State bidirectional ports 


e Secondary port is bus compatible 
with 8X305 


e Single 5V supply 
e 0.6”, 40-pin package 


BLOCK DIAGRAM 
SECONDARY PORT 


> wa 


8X320 


Bus Interface Register Array 


Product Specification 


ARCHITECTURAL OVERVIEW 

The Signetics 8X320 Bus Interface Regis- 
ter Array (Figure 1) is a dual-port RAM 
memory designed for use between a host 
processor and a peripheral processor. 
Specifically, the register array provides a 
convenient and economical interface 
between the 8X305 Microcontroller 
(secondary port) and User’s Host System 
(primary port); the host canbe almost any 
bus-oriented device — another processor, 
aminicomputer, or amainframe computer. 
The host has 8-bit (byte) or 16-bit (word) 
access to the primary port; data can be 
read-from or written-into any memory 


16 X 8 MEMORY 


| FLAG REGISTER 
| PRIMARY ADORESS: 
| 

1 


, FLAG REGISTER 
| 
BYTE - 0g an 
| 
| 


PRIMARY ADDRESS: 
BYTE - 18 
WORD ~ Note WORD ~ Note 


iS SECONDARY | ADORESS: : 608 ee SECONDARY ADDRESS: 61g ; 


iGEN PURPOSE REGISTER: 


GEN F PURPOSE REGISTER, 


location as determined by the primary-port 
address and control lines. The secondary 
port (8X305 bus) consists of eight input/ 
output lines and four bus control lines. To 
implement the secondary-port interface, 
an 8-bit memory location is addressed 
during one machine cycle and, during 
anothercycle, data is read or written under 
control of the secondary (8X305) proces- 
sor. Both primary and secondary ports 
feature 3-State outputs and both ports are 
bidirectional. 


PRIMARY PORT 


> 4 


USER-PORT 
ADDRESS DECOOE 


PROTECT BIT 
STATUS 


IPRIMARY ADORESS: 
' BYTE - 28 


' PRIMARY ADORESS: 


8X305 
PORT LOGIC 


ADDRESS LATCHES 
ANO 
DECODE LOGIC 


ORIVERS/RECEIVERS 


Nn 


[7] 


' WORD - Note 
'SECONDARY | ADORESS: 628 


'GEN PURPOSE REGISTER: 
lpRIMARY ADDRESS: 
BYTE - 4g 

WORD - Note 
[SECONDARY ADORESS: 648 


| 


(GEN PURPOSE REGISTER 
IPRIMARY ADDRESS 

| BYTE - 6g | 
' WORD - Note | 
{SECONDARY ADDRESS: 668 4 


i} 
' BYTE - 3g 

WORD - Note | 
[SECONDARY ADDRESS: 63g 


'GEN PURPOSE REGISTER! 
PRIMARY ADORESS: | 
BYTE - 58 

i 


WORD - Note 


, 
NOARY ADORESS: 
[SECOND ORESS: 653 


‘GEN PURPOSE REGISTER) 
| PRIMARY ADDRESS: ' 
| BYTE - 7g y 
| WORD - Note ! 
[SECONDARY ADDRESS: 678 4 


IGEN PURPOSE REGISTER! 
IPRIMARY ADORE SS 

| BYTE - 10g 
| WORD - Note | 
[SECONDARY ADDRESS: 708 | 


iGEN PURPOSE REGISTER’ 
|PRIMARY AOORESS: ! 
| BYTE - 12g \ 
1 WORD - Note I 
 ingagetlgetiagi ADDRESS: 728 ! 


IGEN PURPOSE REGISTER! 
iPRIMARY ADDRESS 
| BYTE - 14g ' 
| WORD - Note \ 
SECONDARY ADDRESS: 74g! 


(GEN PURPOSE REGISTER! 
PRIMARY ADORESS: 

| BYTE - 168 
: WORD - Note ! 
[SECONDARY ADDRESS: 768 3 


as 
'GEN PURPOSE REGISTER, 
| PRIMARY ADDRESS: ' 
| BYTE - 11g | 
! WORD - Note 


[SECONDARY ADORESS. 71g 


GEN PURPOSE REGISTER’ 


| PRIMARY AODRESS | 
| BYTE - 13g | 
| WORD - Note ' 
SECONDARY ADORESS: 73g ' 


; PRIMARY ADORESS: ! 
, BYTE - 158 ! 
| WORD - Note ‘ 

| 


| ISECONDARY ADDRESS: 758 


cay 
‘GEN PURPOSE REGISTER: 
' PRIMARY ADORESS: | 
| BYTE - 17g ' 
| WORD - Note ' 
"SECONDARY ADDRESS: 77g ___—si! 


In The Word Mode, The Registers Are Addressed in Specific Pairs — 


Byte O/Byte 1. Byte 2/Byte 3, Byte 4/Byte 5... 


Byte 16/Byte 17 


Byte 14/Byte 15, And 


USER-PORT 
LOGIC 


USER-PORT 
ORIVERS RECEIVERS 


N 


BD02620S 


Figure 1. Block Diagram of 8X320 Bus Interface Register Array 
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PIN CONFIGURATION ORDERING INFORMATION 


40-Pin DIP 8X320/BQA 


Besides the convenience and economy of a 
two-port memory, the array also provides 
simple handshake control via two 8-bit flag reg- 
isters, logic to facilitate DMA transfers, and a 
write-protect feature for the primary portin both 


akan byte and word modes of operation. 
BUS 
INTERFACE 
REGISTER 


EVEN 
ADDRESSES 


ARRAY 


ODD 
ADDRESSES 


TOP VIEW 


IDENTIFIER FUNCTION 
Ground: Circuit ground. 


aE Direct Memory Access Enable: Enables primary port to facilitate DMA transfers; does not affect second- 
ary port. 


DO, — D7a/ Primary Data Port: Sixteen 3-State lines used for data transfers to-and-from the primary data port; most 
DOg — D7, significant bit is DOg and least significant bit is D7,. 


Master Enable: Enables secondary port when active low (ME). 


Master Clock: When MCLK is high, and 8X320 is enabled (ME = Low), a register location may be either 
selected or written-into under control of SC and WC. 


Select Command: With SC high, WC low, MCLK high and ME low, data on TVO through IV7 is interpreted 
as an address. If any one of the 16 register addresses (60g — 77g) matches that on the I/O (IV) bus, that 
particular register is selected and remains selected until another address on the same bank (i.e. ME = low) 


is output on the I/O bus — at which time, the old register is deselected and a new register may or may not 
be selected. 


Write Command: With WC high, SC low, MCLK high, and ME low, the selected register stores contents of 
TVO —IV7 as data. 


Secondary Data Port: Eight 3-State lines used to transfer data or I/O address to-and-from the secondary 
data port; most significant bit is [VO and least significant bit is TV7. 


Write Strobe: When active high, data appearing at the primary port (DO, - D7,/D0g - D73) is stored in the 
register array if the primary port is in the write mode. 


Read/Write Control: When this signal is high, primary port is in read mode; when signal is low, primary port 
is in write mode. 


Programmed I/O Enable: When active low, primary port operates in programmed input/output mode with 
register to be read-from or written-into selected by AO — A3. 


Primary Port Address Select: Select register or register-pair that primary port is read-from or write-into. Most 
significant bit is A3; least significant bit is AO. 


Byte/Word: When signal is high, the primary port operates in the byte (8-bit) mode; when signal is low, the 
primary port operates in the word (16-bit) mode. 


NOTE: 


All barred symbols (DMAE, etc.) denote signals that are asserted (or active) when low (logical 0); signals that are not barred are asserted in the 
high state (logical 1). 
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OPERATING CHARACTERISTICS 


Memory Organization 

Memory and address correlation for the 16-reg- 
ister array is shown in Figure 2. From the prima- 
ry port, the sixteen 8-bit registers can be 


addressed in either (8-bit) or word (16-bit) for- 
mat; in the word mode, the registers are 
addressed in pairs — Og/1g, 29/3g, 49/5g.... 
149/15g, and 169/17. From the secondary port, 
all registers are addressed in byte format— 60g, 
through 77g. The memory consists of two 8-bit 


FLAG REGISTER 
11001111 [ BECORDARY PORT ADDRESS = 60= 


PRMAARY PORT ADORESS = 0g 


11001110 


flag registers and fourteen 8-bit general-pur- 
pose registers. The flag registers facilitate infor- 
mation transfers between the two ports and, in 
addition, they protect certain registers from 
being written into from the primary port. 


FLAG REGISTER 


GENERAL PURPOSE REGISTER 
11001101 —e [SECONDARY PORT ADORESS = 620 | 


11001106 


GENERAL PURPOSE REGISTER 


SECONDARY PORT ADDRESS = 63g 


PRIMARY PORT ADDRESS = 3g 


GENERAL PURPOSE REGISTER 
11001011 —e[ SECONDARY PORT ADDRESS = 64g 


11001010 


GENERAL PURPOSE REGISTER 


PRIMARY PORT ADDRESS = 5g 


GENERAL PURPOSE REGISTER 
11001001 —e{SECONOARY PORT ADDRESS = 658 


SECONDARY 
PORT 


GENERAL PURPOSE REGISTER 


PRIMARY PORT ADORESS = 7g 


GENERAL PURPOSE REGISTER 
11000111 —e [SECONDARY PORT ADDRESS = 70 


11000110 


PRIMARY 
PORT 


4 


GENERAL PURPOSE REGISTER 


GENERAL PURPOSE REGISTER 
11000101 —e[ SECOROARY PORT ADDRESS = 728 


GENERAL PURPOSE REGISTER 


GENERAL PURPOSE REGISTER 


GENERAL PURPOSE REGISTER 


GENERAL PURPOSE REGISTER 


—] SECONDARY PORT ADORESS = 768 
PRWAARY PORT ADDRESS = 168 


PRWMARY PORT ADDRESS = 15g 


GENERAL PURPOSE REGISTER 


Figure 2. Memory and Address Organization for the 8X320 
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Table 1. Control Of The Two Flag Register 


FLAG a (Og) F2 F3 F4 F5 F6 F7 
REGISTERS 61a (1e) | FO F1 F2 pO FA F2 FS F4 FS FG FT | F4 F5 F6 F7 


OCTAL 
ADDRESS OF 


CONTROLLING 
BYTE 


nome ie 3 4 5 6 7 10 11 12 13 14 15 16 17 


Table 2. Relationship Between Flag Register Bits And Those Of 
Primary And Secondary Ports 


FLAG REGISTER 60, 
D0, Di, D2, D3, D4g D5q D6, D7a 


PE ett td 
aS 


iv3 iV6 iV7 
LSB 


PRIMARY 
PORT 


FLAG 
REGISTER BITS 


SECONDARY 
T 


FLAG REGISTER 613 


D0g Dig 02g D3g D4g D5g D6g— D7g 


PE ett dt 
a 


SECONDARY ___ ivo ivi iv2 iv3 iva ivs ivé iv7 
PORT MSB LSB 


PRIMARY 
PORT 


FLAG 
REGISTER BITS 


TB03030S 


Table 3. Mode Control Of Primary Port 


Beata ova ae ee 


X = Don't Care 


Table 4. Primary Port Operating In Programmed I/O Mode 


| aw | ro | cevensbonetses) | coonabonetses) 
(EVEN ADDRESSES) (ODD ADDRESSES) 

Towers [x | Seeddaa | StredDew 

[16re [0 | Seestan [HZ 

a 

a 

a 

az 


ower 
To Ro Changs 


NOTE: 
X = Don't Care 
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In either byte or word mode, the write-protect 
logic, implemented by bits FO and F1 of regis- 
ter 60g, inhibits the primary port from writing 
into addresses 16g and 173, respectively. 
Both write-protect bits (FO and F1) can be 
read or written from the secondary port; the 
bits are read-only from the primary port. 


As shown in Table 1, flag bits F2 through F7 of 
60, and FO through F7 of 61g are controlled 
by the fourteen general-purpose registers. 
When any one of these registers is written 
into by either port, the corresponding flag bit 
for that register is automatically set by inter- 
nal logic of the 8X320. When information is 
read from any register, the corresponding flag 
bit must be reset by user software Except for 
the write-protect bits, all other flag bits can be 
read or reset from the primary or the second- 
ary port. 


Table 2 shows the relationship between bits 
of the flag registers and bits of the primary 
and secondary ports. 


FUNCTION AND CONTROL OF 


PRIMARY PORT 

The primary port provides an 8-bit (byte) or 
16-bit (word) interface between the 16-byte 
memory and the user's host system. If the 
hostis an 8-bit system (or 16-bit system oper- 
ating in Byte mode), the sixteen bidirectional 
I/O lines must be tied together (DO, to DOzg, 
Di, to D1g, ... and D7, to D7g); when data is 
input or output on DOg to D7a, the remaining 
eight lines (DOg through D7g) are Hi-Z and 
vice-versa. 


Other than the Byte/Word control line, specif- 
ic operating characteristics of the primary 
port are controlled by two signals — PIOE 
(Programmed I/O Enable) and DMAE (Direct 
Memory Access Enable). When PTOE is ac- 
tive (low) and DMAE is inactive (high), the pri- 
mary port operates in the programmed |/O 
mode — refer to table 3; in this mode of opera- 
tion, the register to be read-from or writ- 
ten-into is determined by four address lines 
(AO through A3) and the Byte/Word control 
line — see Figure 2 and Table 4. In the DMA 
mode of operation, A1, A2, and A3 are not 
used; data is read-from or written-into preas- 
signed registers: bytes 16g (76g) and 17, 
(yyg) for the byte mode of operation and bytes 
149 (74g)/15g (75g) and 16g (76g)/1 73 (77g) for 
the word mode of operation. In both cases, 
switching between bytes 16g and 17g in the 
byte mode and 149/153 and 169/17, in the 
word mode is controlled by AO (the least sig- 
nificant address bit). Refer to Table 5. 
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Table 4 defines programmed 1/O operation of 
the primary port in terms of read/write functions 
and Byte/Word control. In the byte mode, datais 
read-from or written-into the even addresses 
(Pg, 28, 4g, 6g, 10g, 12g, 14g, and 16g) via data 
lines DOa through D7,; data is read-from or writ- 
ten-into odd addresses (19, 3g, 5g, 7g, 11g, 13g, 
15g, and 17g) via data lines DOg through D7z. 
When AO is low (logical 0), even addresses are 
selected and when AO is high (logical 1), odd ad- 
dresses are selected; thus, AO is the LSB of a 
4-bit address. In the word mode, the state of AO 
is irrelevant, since both the odd and even bytes 
are, Simultaneously, read-from or written-into; 
thus, a register pair is selected by a 3-bit ad— 
dress, A1 being the LSB. 


In the DMA mode of operation with DMAE set to 
0 and other conditions satisfied, data is direct- 
lytransferred to-or-from specified memory loca- 
tions under control of Byte/Word, R/W, and AO. 
The state of the Byte/Word control line deter- 
mines whether the data word is 8 bits or 16 bits. 
The AO address line correlates eight of the six- 
teen data lines (DO, - D7, or DOg - 7B) with the 
proper byte/word location. Thus, in the word 
mode, the exchange of data between the 


Table 5. DMA Operation Of The Primary Port 


[MODE [BYTEWORD 
1 ( 


memory and the primary port occurs via DO, — 
D7, for bytes 14g and 16, and via D0g — D7g for 
bytes 153 and 173. The byte mode of operation 
is similar, except that the unused eight lines are 
3-Stated. 


FUNCTION AND CONTROL OF 
SECONDARY PORT 


The secondary port provides an 8-bit interface 


co 
[a | Baia soredin bye a5 | Da soren bye 5 
(o[Baastrdinbyere [HZ 
Os 
a 
[We ee 16 | Wie be 75 
A 
oe 


6, the secondary-port interface is controlled by 
five input signals and a status latch. The status 
latch is set when SC is high (MCLK high/ME 
low) and a valid memory address (60g — 77¢) is 
presented to the 8X320 via the secondary data 
port (TVO/IV7). The latch is cleared by internal 
logic when an invalid memory address is pres- 
ented at the secondary port. In all read/write op- 
erations from the secondary port, the status 
latch acts like a master enable; data can be 


between the sixteen memory registers and the 


transferred only if the status latch is set. 
8X305 (or other processor). As shown in Table y 


Table 6. Functional Control of Secondary Port 


NOTES: 


Ps) 


STATUS 
LATCH 


FUNCTION OF SECONDARY BUS 


Output data from 8X320 memory to 8X305. 


Data from 8X305 is input and written-into a previously-selected memory 
location of the 8X320 (Note 2). 


With the primary port in the write mode (R/W = 0), the secondary port is 
overridden and cannot write to the same register addressed by the pri- 
mary port; however, the register addressed by the primary port can be 
read and any other register can be read-from or written-into from the 
secondary port (Note 2). 


Data transmitted to the secondary port via the IV bus is interpreted as 
an address; if address is within range of 60, - 77g the memory status 
latch is subsequently set. 


Inactive 


xX Inactive 
Inactive 
Inactive 


X 


1. The SC and WC lines should never both be high at the same time; the 8X305 processor never generates this condition. 
2. During read or write operations, the same register can be simultaneously addressed from either port. For any write operation by both ports on 
the same register, the primary port has priority; other than this, the 8X320 does not indicate error conditions or resolve conflicts. 


3. X = Don't Care. 
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DC ELECTRICAL CHARACTERISTICS 4.5V < Voc < 5.5V, -55°C < To < 125°C 


SYMBOL PARAMETER TEST CONDITIONS": 2 | LIMITS 
| 


a 
[Towiewelnpuatags dT 
[Hahieveinputvetage 


Ta = 125°C 
Supply current Voc = 5.5V Ta = 25°C 
Ty ==55°C 


co 
a5 
a 
P20 
a 
Pee 
a 
a 
a 
[Srorckeatouputawen® «tC 
[WO MGIKSC.aNE—«SCeo= aviv, 0s «| 
ew SC~*dSC*C~‘U VOR 
a 
TVeo=ssvivanosv |_| 
i. 
eo 
— 
2 
od 
2 


UNIT 


Lid © 


‘WS, PIOE, & R/W Voc = 5.5V; Vi, = 0.5V 


TVO -1V7 


Voc = 5.5V; Vit — 0.5V 


DOa = D7,/D0g oa D7, Voc = 5.5V; Vit = 0.5V 


WC, SC, MCLK, & ME Voc = 5.5V; Viy = 5.5V 


a ere 
ee ee 
OWE eo SVN BV 


AC TEST CIRCUIT 


[LA 


OUTPUT 
UNDER TEST 


NOTE: 
C. includes jig and probe capacitance. 
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AC CHARACTERISTICS OF PRIMARY PORT 


sabe ADDRESS 
(A3 ~ AO) 
CHANGING DATA (77 


Hiz BS 


DATAIIO” — 
WF14600S 


(D0, ~ 07,4/D0g ~ 078) 


ADDRESS 
(A3 ~ AO) 


DATA I/O 


(D0,q ~ 07,/D0g ~ 078) WRITE STROBE (WS) 


WF14610S 


Tpp2 


microcontRotte®) IS SSK G9 


ce ee Tpo1 
PIOE, DMAE 


Address Access Time 


WF 14631S 


Write Cycle 
DATAWO 


(D0, ~ D7,/00g ~ 078) 


Viz=Vor + 0.5V 
Viz = Vou — 0.5V 
WF14620S 


Address hold time Jws 


DOg — D7a/ 


Twsp Primary port data setup time D0g - D7, 


Write mode control hold time Jws 


Write strobe pulse width 


Primary port data delay 


Primary port data delay from WS 


May 30, 1986 593 


Signetics Military Customer Specific Products Product Specification 


Bus Interface Register Array 8X320 


AC CHARACTERISTICS OF SECONDARY PORT 


Legend: 
CHANGING DATA [77 


THREE-STATE ess 


WF14640S 


iV (INPUT FROM 
MICROCONTROLLER) 


Tpp3 
D0,-D7,/D0g-D7g 


WF 14660S 


Input Cycle 


MICROCONTROLLER 


Tsp1 THo1 CONTROL SIGNAL* 
iV (INPUT FROM 
MICROCONTROLLER 


WF14650S IV (OUTPUT TO Sxxxex 
MICROCONTROLLER) XX&& 


Select Cycle WF14670S 


Data hold time JMCLK 


JMCLK 


NOTE: 


1. Operating temperature ranges are guaranteed after terminal equilibrium has been reached. 

2. All voltages are measured with respect to ground terminal. 

3. Short only one output at a time. 

4. Measurement with Write Strobe set High and the control signals of the secondary port set for output data from the same register. 
5. Measurement with primary port data stable and control signals of secondary port set for output data from the same register. 

6. Measured with MCLK = High and control signals of the primary port set for output data from the same register. 
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FEATURES 
e Two bidirectional 8-bit busses 


e Independent bus operation 
(user-bus priority for data entry) 


e User data input synchronous with 
respect to MCLK 


e 3-State TTL outputs with high-drive 
capabilities 


e Power-up to predetermined logic 
state 


e Directly compatible with 8X305 
e Single +5V supply 
e 0.4”, 24-pin DIP 


FUNCTIONAL OPERATION 


UD Bus Control 

As shown in Table 1, the User Data (UD) 
bus interface is controlled by the UIC and 
UOT inputs. Data input to the UD bus is 
synchronous with MCLK, that is, with UIC 
Low, information is written into the data 
latches only when MCLK is High. Output 
drivers on the UD bus are enabled when 
UOT is Low and UIC is High. 
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PRODUCT DESCRIPTION 

The 8X371 I/O Port is a bidirectional de- 
vice designed for use as an interface ele- 
ment in systems that use TTL-compatible 
busses. Typically, the 8X371 is used with 
the 8X305 Microcontroller and its asso- 
ciated Interface Vector (TV) bus; however, 
it can also be used with an equivalent mi- 
croprocessor. As shown in the logic dia- 
gram of Figure 1, the 8X371 consists of 
eight identical data latches — bits 0 
through 7. The latches are accessed from 
either of two 8-bit busses — the Microcon- 
troller (TV bus) and the user data (UD bus). 
Separate controls are provided for each 
bus and both busses operate indepen- 
dently, except when both attempt to input 
data at the same time; in such situations, 
the user bus always has priority. A Master 
Enable (ME) input is available for addition- 
alcontrol over the IV bus. The datalatches 
are transparent, in that, while either bus is 
enabled for input, all input-data transitions 
are propagated to the other bus, if enabled 
for output. 


Table 1. Input/Output Control Of 
UD Bus 


FUNCTION 
OF UD BUS 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
24—Pin DIP 8X371/BXA 


595 


PIN CONFIGURATION 


IDENTIFIER 


UD7-UDO 


g 


4234534342397 


FUNCTION 


3-State, bidirectional User Data 
(UD) bus; UDO and corresponds 
to IVO. 

User Output Control — active low 
input to enable data output to 
UDO - UD7. 

User Input Control — active low 
input to enable data input from 
UDO - UD7. 

Master Enable — active low input 
to enable the TV bus for data in- 
put, or data output; UD—bus op- 
erations are unaffected. 

Ground. 


Master Clock — active high input 
(from Microcontroller used to 
strobe data into data latches 
from the TV and UD buses. 


Read Control — active low input 
to enable data output to TV0 - 
W7. 


Write Command — active high 
input (from Micontroller) to en- 


able the writing of data into the 
data latches from the TV bus 
(provided UIC is not low). 
Interface Vector (Input/Output 
Bus) — 3-State, bidirectional, Mi- 
crocontroller data bus; TVO cor- 
responds to UDO. 


+5V power supply. 
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IV WRITE 
IV READ 


1 


Figure 1. Logic Diagram for 8X371 I/O Port 
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Table 2. Input/Output Control Of IV Bus 


IV Bus Control 

Input/output control of the TV bus is shown in FUNCTION 
Table 2; this bus is controlled by RC, WC, ME, 
and MCLK. The IV bus is enabled for output | Output Data 
(Microcontroller read operation) when ME, RC, sl a 

and WC are all low. Data is written into the data 
latches from the TV bus when ME is low and L 
both WC and MCLK are high. To avoid data-in- 

put conflicts, inputs from the TV bus are inhib- 


ited when UIC is low; under all other conditions, 
the IV and UD busses operate independently. 

The Microcontroller Left Bank (LB) and Right 
Bank (RB) outputs can control the ME inputs for 

two banks of I/O devices, thus acting as aninth Bus Logic Levels 

address bit. If more than one I/O Port (including 
the addressable parts — 8X372, 8X376, 
8X382, etc.) are to be connected to the same 


Data written into the I/O port from either bus ponds to a high level on the UD bus even 
will appear inverted when read from the other though the TV bus is inverted.) The 8X382 


bank (LB or FRB) of the Mi i ; bus. Data written into either bus will not be in- wakes up in the unselected state with all data 
cual peat e t wi desnlinlees = ea verted when read from the same bus. (Note: bits latched at the “logic 1” level (UD bus out- 
adnan Pataca aa aaa Alogic “1” in Microcontroller software corres— puts high if enabled). 


external logic to avoid bus conflicts. 


ABSOLUTE MAXIMUM RATINGS 


DC ELECTRICAL CHARACTERISTICS 4.75V<Voco <5.25V, -55°C < To $ +125°C 


SYMBOL PARAMETER TEST CONDITIONS 


Supply voltage 
Vin 

Vit 

ViK 

lie 

VoL 

Vou 

loc 


UNIT 


LIMITS 


a 
Ma [towieinpnvotege i 

a [rputclamp tee | Weg MNN TOMA 
fms | ahivingstcuront =a = MARV 
in 
Non 


I 
_ 
oi 
¥ 
aig > 


TG 
dn 
8 
lel l-PR EFL] § 


> 


—_ 
So 
o 


Low level output voltage Vec = MIN; Io, = 16MA 

TV bus (TIVO = 1V7), User bus (UD4 — UD7) 

Short circuit output current? —20 
nae IV bus (VO —1V7), UD bus (UD4 — UD7) ~10 
a 


oO 
ol 
on 
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AC ELECTRICAL CHARACTERISTICS 4.5V<Vcoco <5.5V, -55°C < Te < +125°C 


SYMBOL PARAMETER | REFERENCES | TEST CONDITIONS LIMITS UNIT 
[From | To | | Min | Max 


RC = WC = ME = UCI = 


UD = stable; 
UD eck ea Tne Ro-woette=ticnimw | | © |e 


UD = Stable; MCLK = High 
RT = WC = ME = Low 
MCLK = WC = UIC = High; 
ME = UOT = RT = Low 


ce 100 OTe =k a 
[UDinputrecovey | Tore | vO TOE =Lon a 
E4 


| IME | | 
Pic [| WO=WE=tow 
[Wesiawiierecovey | Iwo [ W | FO=ME-tw SO [ 

UD output disable | Tuot | UD UIT = High 
UOT = Low 
[TWestamastordsabie | Twe [1 
toot | Weataread sable | Tre [| WO=WE= ton 

[Weaawiteoerde | Two |W 


lo 


= 
ay 
i 
x 
oO 
04) 
Qa 
® 
a 
ie) 
S 
oO 


Pes | Userinputeontatsewpine | Toe [Iwux[ SS—~dYCO 
Ts [Westaseupine [WV | Uucik | WO=UC=Wigh ME=tow | 18 
Post [Winasterenabiesstopime | Ime [wick | __Wo=U=rah | 


| 20 

| 10 | 

| Tuc Ed 

tii TV data hold time MCLK WC = UIC = High; ME = Low | 25°C | 5 
hein ivanell tetietinnieied 4 = 

Lo 

| we Lo 


ts4 TV master enable hold time JMCLK VE WE =UIC = High 
the TV write control hold time tmMcLK | Jwe ME = Low; UIC = High 


NOTES: 

1. The input current includes the 3-State leakage current of the output driver on the data lines. 

2. Only one output may be shorted at a time. 

3. These parameters are measured with a capacitive loading of 50pF and represent the output driver turn-off time. 

4. If ME is to be high (inactive), it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing into or 
selection of the I/O port. 
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= THREE-STATE 


= CHANGING DATA 


| 

l 

I 

t | 

s2. | 2 4 

|~<———(Note Bi teeing ete i 

| ns ome | 
| (Note 2) (Note 3) 

UD (ineut 

FROM USER 

SYSTEM) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
aati 


Pp3 (Note 1)——»>| 


| 
topo (Note 1) —» 
I 


— LA? LA 2, 
IV (output SSE 
to Microprocessor) wereteteretetetere, 


WF14680S WF 14690S 


STATIC CONDITIONS: 
SC = WC = ME = Low; UOC = High 


NOTES: 

1. The actual time for stable data on the IV bus is the latest propagation from tpp1, tppe, 
and tpp3. 

2. The UD input must satisfy the setup-time requirements for both ts; and tgp. 

3. Minimum hold-time required for the UD input is the earlier of the times specified by ty; 
and ty. 


a. User Data Input Timing 


}~+—— tw, —>| 


\f \ 
MCLK 
{ 


| <— *H6—»| 
WC Ie — tes | 


| a t..,;_—— 
' 


|= tg |< ta ——> 

To | I 

IV (INPUT trom Microprocessor) “Uy Ce Ci; 
a 


Static Conditions: 
UOC Low 
UIC High 


UD (ouTPuT to User 
SYSTEM) 


WF 14700S 


c. Microcontroller Write Cycle Timing 


b. User Data Output Timing 


Micro- 
processor 


Control 
Signal" 
| L 


__ toe" I= too"! 


Iv | 


e/a 


processor) 
WF14710S 


*PARAMETER KEY 
MICROPROCESSOR AC TIMING STATIC 
CONTROL SIGNAL PARAMETERS — CONDITIONS 


ME toe3 top3 SC = WC = LOW 
RC toes top 


SC toes tops 


d. Microcontroller Select Cycle Timing 


Figure 2. Timing Diagrams 


March 14, 1988 


Signetics Military Customer Specific Products 


Product Specification 


8-Bit Latched Bidirectional I/O Port 


8X371 


AC TEST LOADING CIRCUITS 


OUTPUT 


UNDER 
TEST 


APPLICATIONS 


In some applications, performance of a Micro- 
controllersystem can be enhanced by using the 
8X371 I/O Port instead of an addressable 
8X372 port. Using a technique referred to as 
Extended Microcode or Fast IV Select, the ad- 
dress select cycles which normally precede a 
read or write operation when using an 8X372 
can be eliminated by use of the 8X371. 


This technique is often used in bit slice micro- 
processor designs and involves widening the 


OUTPUT 
UNDER 
TEST 


TCO06070S 


program memory beyond the normal 16-bit 
requirement of the Microcontroller. the extra 
bits are used as enable signals for the 8X371 
ports. Thus, the 8X371 is enabled during the in- 
struction cycle in which it is required for input/ 
output operations. Since the software overhead 
of separate address select cycles is eliminated, 
the overall system performance is improved. 


As shown in the accompanying diagram, the 
program memory is extended by two bit 


//O0 PORT SELECTION USING EXTENDED MICROCODE 


1V0-IV7 
8X305 we 


MICROCONTROLLER 
MCLK 


A,-A,, D,-D, 


PROGRAM MEMORY 
(ROM/PROM) 
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positions (D;g and D,7), permitting any one of 
four 8X371 ports to be enabled during those in- 
structions. Because of timing considerations, 
latches must be used to hold the Extended Mi- 
crocode through the end of the instruction 
cycle. A decoder is used to obtain four enable 
signals from the two extra bits. The decoder 
outputs are ORed with the LB output of the 
8X305; thus, all four |/O ports are placed on the 
Left Bank of the TV bus. 


8X371 
1/0 PORT 
#0 


8X371 
1/0 PORT 
#1 


8X371 
1/0 PORT 
#2 


8X371 
1/0 PORT 
#3 


BD02641S 
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FEATURES 
e Two bidirectional 8-bit busses 


e Independent bus operation (user- 
bus priority for data entry) 


e User data input synchronous 
(8X372) or asynchronous (8X376) 
with respect to MCLK 


e Programmed Microcontroller port 
address 


e 3-State TTL outputs with high-drive 
capabilities 


e Power-up to predetermined logic 
state 


e Directly compatible with 8X305 
e Single +5V supply 
e 0.4”, 24-pin Dip 


PRODUCT IDENTITY 
8X372 Synchronous 3-State bidirec- 
tional I/O port with programmed 


address 

8X376 Asynchronous, 3—State, bidirec- 
tional I/O port with programmed 
address. 

PRODUCT DESCRIPTION 


Each of these I/O ports is an addressable 
device designed for use as a bidirectional 
interface element in systems that use 
TTL-compatible busses. Typically, these 
I/O ports are used with the 8X305 Micro- 
controller and its associated Interface 
Vector (IV) bus; however, either port can 
also be used with the 8X300 Microcontrol- 
ler or an equivalent microprocessor. 
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Addressable/Bidirectional 


I/O Ports 


Product Specification 


As shown in the logic diagram of Figure 1, 
each I/O port consists of eight identical 
data latches — bits 0 through 7. These 
latches are accessed through either of two 
8-bit busses — one connected to the 
Microcontroller (IV bus) and the other to 
the user system (UD bus). Separate con- 
trols are provided for each bus and both 
busses operate independently, except 
when both attempt to input data at the 
sametime. Insuch situations, the user bus 
always has priority. The data latches are 
transparent, in that, while either bus is 
enabled for input, all transitions in input 
data are propagated to the other bus, if 
enabled for output. 


Both the 8X372 and 8X376 are available 
with preprogrammed addresses (049 
through 255;9); either device can be field- 
programmed over the same address 
range. Input/output operations can begin 
once the I/O port is selected and appropri- 
ate control signals are generated. Port se- 
lection is implemented by putting the I/O 
port address (019 — 25549) on the TV bus; 
once selected, the I/O port remains se- 
lected until a different “port address’ is put 
on the bus. Thus, software overhead is 
minimized. Data is accessible on the UD 
bus at all times. A Master Enable (ME) in- 
put, which is typically connected to the Left 
Bank (LB) or Right Bank (RB) output of the 
Microcontroller, provides the capability of 
organizing the TV bus into two separate 
and independent banks of I/O devices. 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


8X372/BXA 
24—Pin DIP 8X376/BXA 
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PIN CONFIGURATION 


IDENTIFIER FUNCTION 


UD7-UDO 3-State, bidirectional User Data 
(UD) bus; UDO and corresponds 
to IVO. 

User Output Control — active low 
input to enable data output to 
UDO — UD7. 

User Input Control — active low 
input to enable data input from 
UDO — UD7. 

Master Enable — active low input 
to enable the TV bus for data in- 
put, data output; or TV address 
selection/deselection; UD-bus 
operations are unaffected. 
Ground. 

Master Clock — active high input 
(from Microcontroller used to 
strobe data into data latches 
from the TV bus and, for the syn- 
chronous 8X372, from the UD 
bus; MCLK also synchronizes IV 
address selection. 

Select Command - active high 
input from Microcontroller to en- 


able TV address input from the 
TV bus for device selection. 


Write Command - active high 
input from Micontroller to enable 
the writing of data into the data 
latches from the TV bus, pro- 
vided UIT is not low. 

Interface Vector (Input/Output 
Bus) — 3—State, bidirectional, Mi- 
crocontroller data bus; TVO cor- 
responds to UDO. 


+5V power supply. 
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USER READ 


FOR REMAINING SEVEN 
BITS, SAME LOGIC AS 
SHOWN ABOVE 


Vcc ASYNC 
(8X376) 


ADDRESS 
SELECTION 


O 
alll 

Set 

SST 


LOW 
VOLTAGE 
CLAMP 


LDO5690S 


Figure 1. Logic Diagram for 8X372/8X376 I/O Ports 
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Addressable/Bidirectional I/O Ports 


8X372/8X376 


FUNCTIONAL OPERATION 


UD Bus Control 

As shown in Table 1, the User Data (UD) bus 
interface is controlled by the UIC and UOT in- 
puts. For the 8X372, data input from the UD 
bus is written synchronously with MCLK, that 
is, with UIC low, information is written into the 
data latches only when MCLK is high. In the 
case of the 8X376, data input is asynchro- 
nous, in that, with UIC low, data is latched in 
without regard to the level of MCLK. (Note: Jo 
avoid the possibility of processor error when 
using the asynchronous 8X376, the TV bus 
should not be read during the time the data 
latches are changing due to user input..) Out- 
put drivers on the UD bus are enabled when 
UOC is low and UIC is high. 


IV Bus Control 

Input/output control of the TV bus is shown in 
Table 2; this bus is controlled by SC, WC, ME, 
MCLK and the current state of the internal ad- 
dress selection latch. As shown in Table 2, 
UIC is required to indicate priority of the UD 
bus for data input operations. The selection 
latch in the |/O port stores the result of the 
most recent IV address selection. The latch is 
set when the internally preprogrammed ad- 
dress of the port matches the address on the 
TV bus during an address-—selection operation 
(SC = MCLK = High/WC = Low). The latch is 
cleared when the two 8—bit address patterns 
are in disagreement. The IV bus can transfer 
data only when the selection latch is set. As 
shown in the APPLICATION DIAGRAM, the 
Microcontroller Left Bank (CB) and Right Bank 
(RB) outputs can control the ME inputs for two 
banks of I/O devices, thus, acting as a ninth 
address bit. 


Datais written into the data latches ofa selected 
device from the TV bus when WC, MCLK, and 
UIC are all high and ME is low. To prevent data— 
input conflicts, inputs from the TV bus are inhib- 
ited when UIC is low; under all other conditions, 
the TV and UD busses operate independently. 
Output drivers on the TV bus of a selected de- 
vice are enabled when ME, WC, and SC are all 
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Table 1. Input/Output Control of UD Bus 


NOTE: 
X = Don't care 


FUNCTION OF UD BUS 
8X372 8X376 


Input data Input data 


Table 2. Input/Output Control Of IV Bus 


NOTE: 
X = Don't care 
* Selection latch is updated 


low and the address selection latch is set. With 
SC and WC both high (Shaded entry of Table 2), 
the bit pattern present on TVO — IV7 is inter- 
preted as both input data and IV address. Pro- 
vided UIC is high, the data is latched into the 
data latches whether or not the I/O port has 
been previously selected. If the prepro- 
grammed address of the I/O port matches the 
bit pattern on TVO = IV7 when SC and WC are 
both high, the selection latch is set; otherwise, it 
is reset. (Note: The Microcontroller never drives 
both SC and WC high at the same time.) 
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SELECTION FUNCTION 
aTcH | BUS 


Input Data 


Input Address* 
Input data and 
Address* 


Bus Logic Levels 

Data written into the I/O port from either bus will 
appear inverted when read from the other bus. 
Data written into either bus will not be inverted 
when read from the same bus. (Note: A logic “1” 
in Microcontroller software corresponds to a 
highlevelon the UD bus even though the IV bus 
is inverted.) Both the 8X372 and 8X376 wickiup 
with the address selection latch in the unse- 
lected state and all data bits latched at the “logic 
1” level (UD bus outputs high if enabled). 
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Addressable/Bidirectional I/O Ports 8X372/8X376 


ADDRESS PROGRAMMING AND 
ADDRESS PROTECT 


Programming Procedures 

Both 8X372 and 8X376 can be programmed to 
respond to any address within a range of 0; 
through 25510. Inan unprogrammed state, low 
level (< 0.8V) inputs on all TV bus lines (ad- 
dress 25519) will select the device. To program 
a given address bit to match a high level 
(> 2.0V) input on the corresponding IV pin (a 
logical O” to the Microcontroller), the counter- 
part UD-bus pin must be pulsed according to 
Table 3 and the following procedures: 


Step 1: Set all control inputs to the inactive 
state— 
UIC = UOT = ME = Voc and SC = 
WC = MCLK = GND; leave the UD 
and IV bus pins open. 


Step 2: Increase Vcc to Vecp. 


Step 3: After Vcc has stabilized, apply a 
single programming pulse (Figure 
2) to the user—bus bit that corre- 
sponds to the desired highevel IV 
address bit. The |/O port is pro- 
grammed from the user bus (UDO — 
UD7) foraddressing from the Micro- 
controller bus (TV6 — IV7). 


Step 4: Return Voc to 0-V. (Note: /f the pro- 
gramming of all address bits is com- 
pleted in less than 1-second Voc 
can remain at 90-V for the required 
interval of time.) 


Step 5: Steps 1 through 3 are applicable to 
the programming of each address 
bit that requires a high-level IV 
match. 


Step 6: Toverify thatthe address is properly 
programmed, return Vcc to +5V, set 
TV0 —TV7 to the desired (inverted) 
binary address pattern, set ME = 
WC = Low and SC = MCLK = High. 
If there are no programming errors, 
subsequent data written from TVO — 
IV7 (WC = High) will appear in- 
verted on UDO — UD7. 


Address Protect 
After programming the I/O Port, steps should be 
taken to isolate the address circuits and make 
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Table 3. Programming Specification 
PARAMETERS 


Vocp — Programming supply voltage: 
Address 
Protect 
Maximum time Vcecp > 5.25V 
Programming voltage: 
Address 
Protect 


Programming current: 
Address 
Protect 
t, — Programming pulse rise time: 
Address 
Protect 


tw — Programming pulse width 


ADDRESS 
PRO- 


GRAMMING 90%f \ f77\7 77> — 9.0V 
(UD INP salt Ov 
UT ae a 
~~ 0.5ms<t, < 1.0 ms 


r 
WF14720S 


Figure 2. Address Programming Pulse 


0.5 ms <t, < 1.0 ms 


WF14731S 


Figure 3. Protect Programming Pulse 


these circuits permanently immune to further tions pertaining to voltage and cur- 

change. rent. 

Step 1: Set Vcc and all control inputs toOV Step3: Verify that the address circuits for 
Voc = UIC = UOT = ME=SC = WC = each bit is isolated by applying 9V, in 
MCLK = OV; IV0 — IV7 = open circuit. turn, to each user—bus pin (UDO —- 


UD7) and measuring less than 200 
microamperes of input current. (Note: 
Setup conditions are the same as 
those in Step 1.) 


Step 2: Taking one pin at a time, apply a pro- 
tect programming pulse (Figure 3) to 
each user—bus bit (UDO —- UD7) — re- 
fer to Table 3 for Min/Max specifica- 
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ABSOLUTE MAXIMUM RATINGS 


DC ELECTRICAL CHARACTERISTICS 4.5V<Voc <5.5V, -55°C < Te S$ +125°C 


SYMBOL PARAMETER TEST CONDITIONS 
V 
V 
V 
V 
V 
V 


UNIT 


| VK | Input clamp voltage Voc = Min; |) =-10mA 
His _ High level input current! Voc = Max; Vi = 2.7V 


Low level output voltage 
TV Bus (VO —1V7) Voc = Min; lo, = 16mA 


Co 

IH 

e 

IK 

OL in; 

User Bus (UDO — UD7) Voc = Min; lo, = 24mA 

OH High level output voltage Voc = Min; lon = -3.2mA 

loc 


Low level input current! Voc = Max; V) = 0.5V 


Vcc = Max 


3 


ela [t= BRL] & 


> 


Short circuit output current2 
TV bus (TVO —1V7) 
UD bus (UDO — UD7) Voc = Max 
ties Supply current Voc = Max; ME, UOT > 4.0V 


NOTES: 

1. The input current includes the 3—State leakage current of the output driver on the data lines. 
2. Only one output may be shorted at a time. 

3. These limits do not apply during address programming. 


>) 


S 
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AC ELECTRICAL CHARACTERISTICS 4.5V <Voc <5.5V, -55°C < To < +125°C 


Pulse Widths: 


twi | Clockhigh | TMcuK[ Imcck] CT TE 
we [Userinpurcontot | Joe [ Toe | MiK=nn ST | | Cd] 


UD clock delay UD = Stable; 
. UD = Stable; MCLK = High; 
ormme [ie | w | Meer | [=| = 
TV data propagation 
: 
WC = UIC = High; IV = Stable; 
Output Enable Timing: 
tog3 TV data master enable WC = SC = Low 


we |W [___S0=WE = Low 
TV data select recovery | isc | WV | SC = ME = Low 


Output Disable Timing: 
U UIC = High 


[WD oupudeatie | Toor [0 


TV data master disable | WV | -SC= 
| WV WC = ME = Low 


_ 
QO 


IV data select override ie 


UD clock setup 
time (8X372 only) 


F 


Ls) 


JMCLK 
UD control setup time D | TOC | MCLK = High | 2 ff 


| MLK High 
User input control setup 


ME = Low; UIC = High 
WC = High = High; 

a 

TV write control 

IV select control 


TV master enable 
setup time 


ts4 
S7 


t 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


Crom [To] SSSS*dY in Typ | 


Hold Times: 


UD clock hold ti 
wiarowy [wee] we | vee fe || 


User input control hold 
le TV data hold time UMCLK WC = High or SC = High; asec | 5 
ME = Low, UIC = High }Temp | 20 | 


to 

tus 
t7 

NOTES: 


1. All measurements to the TV bus assumes the address selection latch is set. 
2. These parameters are measured with a capacitive loading of 50pf and represent the output drive turn-off time. 


3. If ME is to be high (inactive) it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing into or 
selection of the I/O port. 


AC TEST LOADING CIRCUITS 


OUTPUT OUTPUT 


UNDER UNDER 
TEST TEST 


TC06071S TC06081S 
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TIMING DIAGRAMS 


O 885252505 
OOOP PLL? 
RRR = THREE-STATE 


= CHANGING DATA 


<— thy 


\ 

| 

| 

| 

: |~——(Note re (Note 3) 
| 


|j~—_S! eee pee th | 
(Note 2) 


| (Note 3) | 
UD unput 
FROM USER 
SYSTEM) 


| 
| 
| betoe| | tone >| 

| 
KES BSL5 PSO 
| SYSTEM) 
| 
| 
| 
| 


WF 14740S 


b. User Data Output Enable 
je tpo1n} 


(Note 1) \ 
<= tp3 (Note 1) —>| 


—— 


1 
Dilton tpp2 (Note 1) —»} MCLK F \ 
| 
1V (output ] 
to Microprocessor) oe ts, ——————__»| fl 


WF 14680S sc | 

| 

STATIC CONDITIONS: | | | 
SC_WC ME Low 


—_ |<——— t,, ——_——_»|+— 1, _o 
UOC High ME ' 


NOTES: _ iv |— ts4 —el+— typ —> 
1. The actual time for stable data on the IV bus is the latest propagation from tpp1, tpp2 (INPUT 


and tpp3. = 

2. The UD input must satisfy the setup-time requirements for both ts; and tsp. pac baie 

3. Minimum hold-time required for the UD input is the earlier of the times specified by ty, eetetas 
and typ. 


a. User Data Input Timing d. Microcontroller Select Cycle Timing 


}-— tw, —>| 
| | Micro- 
‘ processor 


= tse Control 


| hep} Signal" 
wc —— ee | 


| | — t,., —~| IV 
| | os (OUTPUT to 
\ 


— ! 
IV (INPUT trom Microprocessor) 


| *PARAMETER KEY 
Static Conditions: MICROPROCESSOR 


UIE High CONTROL AC TIMING STATIC 
SIGNAL PARAMETERS CONDITIONS 
UD (outPuT to User 


SYSTEM) ME toe3 top3 SC = WC = LOW 
WC toes topa SC = ME = LOW 
SC toes tops WC = ME = LOW 


WF 14700S 


STATIC CONDITIONS: 
UOC Low 
UIC High 


c. Microcontroller Write Cycle Timing e. Microcontroller Output Enable Timing 
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APPLICATIONS 

One way of using I/O Ports in a microproces- 
sor—based system is shown in the following 
application diagram; there are many other ways 
of implementing I/O functions with these parts, 


both singularly and in combination. By proper 
control the UIC and UOT lines, the user can im- 
plement bidirectional data transfers, exercise 
system control, and/or reac system status. In 


the concept shown here, I/O Port #1 is setup for 
bidirectional data transfers and I/O Ports #2 and 
#3, respectively, serve as dedicated output and 
input devices. 


/O PORT 
#1 
(Note 2) 


(Note 1) 


MICROCONTROLLER 


van iV0-1V7 ‘ineaies 
(Note 1) Yo 8X372 


RB — 
VO PORT 556 


(Note 2) 
vic 


1V0-IV7 UD0-UD7 


sc 8X372 
wc 1/0 PORT vic 


#3 
MCLK (Note 2) 
ME UOC 


BD02650S 


NOTES: __ —_ 
1. Up to 256 discrete addresses can be assigned to each bank (LB or RB). 
2. The 8X376 can be implemented in an identical manner. 
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DESCRIPTION 

The Signetics 27C64A CMOS EPROM is 
64K-Bit 5V only memory organized as 
8192 words of 8 bits, employing advanced 
CMOS circuitry for systems requiring 
high-power, high performance speeds 
and immunity to noise 


The 27C64A has a non-multiplexed ad- 
dressing interface and is pin compatible 
with the standard 2764. 


The 27C64A achieves both high perform- 
ance (200ns access time) and low power 
consumption (10mA active current maxi- 
mum, CMOS inputs) making it ideal for 
high performance portable equipment. 


The highest degree of protection against 
latch-up is achieved through EPI (Epitax- 
ial) processing. Prevention of latch-up is 
provided for stresses up to 100mA on ad- 


dress and data pins for -1V to Voc + 1V. 
The 27C64A is programmed with stan- 
dard EPROM programmers and the intel- 
ligent programming algorithm may be 
utilized. 


FEATURES 


@ CMOS microcontroller and micro- 
processor compatible 


— Universal 28- and 32-Pin memory 
site, 2-line control 
© Low power consumption 
- 10mA maximum active current 


— 100A maximum standby current 
® High-performance speeds 

— 200ns access time 
® Noise Immunity features 

— +10% supply voltage 


— Maximum latch-up immunity 
through epitaxial processing 


© Fast, reliable intelligent program- 
ming 


— Programs in under one minute 
— 12.5Vpp 
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CERDIP PIN CONFIGURATION 


PIN NAMES 


ea 
ee 
[cE | erp Erato 
[Paw [rear Saba 


CE 
G 
Vpp 
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LLCC PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


TOP VIEW 


BESBBNVBRRS 
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BLOCK DIAGRAM 


DATA OUTPUTS 
Oy ~ 0, 


OUTPUT ENABLE 
PROGRAMMING LOGIC 
CHIP ENABLE 


Y DECODE 


X DECODE 


Rial <2 


Sei Ceramic DIP w/Quartz 27C64A/BXA-20 27CB64A/BXA-25 27C64A/BXA-35 


Sh ll eae uae 27C64A/BXA-20 OT 27C64A/BXA-25 OT 27C64A/BXA-35 OT 
i mace 27C64A/BUA-20 27C64A/BUA—25 27C64A/BUA-35 


ABSOLUTE MAXIMUM RATINGS2 


SYMBOL PARAMETER RATING UNIT 
Storage temperature range -65 to +125 
Voltage on any pin with respect to ground -2.0 to Voc +7V a 


OUTPUT BUFFERS 


Y-GATING 


65,536 BIT 
CELL MATRIX 


Ao . Arp 
ADDRESS ——> 
INPUTS 


ORDERING INFORMATION 


Voltage on CE pin with respect to ground —2.0 to +13.5 
Supply voltage with respect to ground during programming —2.0 to 14.0 
Operating temperature during read —55 to +125 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 


High-level input voltage | 200 


| Nom _ 
us 
hive 2 
Daf [Rarrivetnpurotee nO Werseo vero] 
SS SC 
a 
To. tow-ievetoupoteunent SS SSC*d Si 
SC 
ta [Operatngtonporaureranee ——SSSCiCSSCSC~C~iSC 
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DC ELECTRICAL CHARACTERISTICS -55 °C < Tce < + 125°C, Voc = 5V + 10% 


TEST 27C64A-20, —25 
SYMBOL PARAMETER CONDITIONS 


Input leakage current 


Output leakage current 


| Min | Typ | Min 
lec®? Operating supply current 30.0 
TTL TTL inputs 
5,7 

Coe Operating supply current Vpp = Voc = MAX 10.0 

Oo_7 = OmA 
Isp Standby supply current CE = Vin 
TTL TTL inputs Voc = MAX 
Isp Standby supply current 
CMOS __ | CMOS inputs CE = Voc = MAX 
Pe a i oS ae a 


Vit Input Low voltage (TTL) Vpp = Voc = MAX 0.510 +0.8 -0.5'0 +0.8 
Vit Input Low voltage (CMOS) Vpp = Vocg = MAX 0.210 +0.2 0.210 +0.2 


Input High voltage Vpp = Vcc = MIN 
Input High voltage (CMOS) | Vpp=Vcc=MIN | Vg 0.2 


V 


5 
5 
L 
H 


| 
| 
O 
O 


Vow Output High voltage 7 MIN Za 


V 
V 
Output short-circuit current 


CAPACITANCE T, = 25°C, f = 1.0MHz!° 


SYMBOL PARAMETER 


Address/control capacitance 


READ MODES 


OUTPUTS 
(11-13, 15-19) 


Read Do 
Output disable Hi-Z 
Standby Hi-Z 


READ MODE output pins. Assuming that addresses are STANDBY MODE 

The 27C64A has two control functions, both of | Stable, the address access time (tacc) is equal The 27C64A has a Standby mode which re- 
which must be logically active in order to obtain to the delay from CE to output (tce). Datais 4 665 the maximum Voc current to 100LLA 
data at the outputs. Chip Enable (CE) is the available atthe outputs after a delay oftce from THe deviceis placedin the Standby mode when 
power control and shouldbe usedfordevice se- _ the falling edge of OF, assuming that CE has [Ep in is in the High state. When in the Standby 
lection. Output Enable (OE) is the output con- been low and addresses have been stable for oa. a, outputs are is high-impedance 
trol and should be used to gate data from the at least tacc toe. state, independent of the OE input. 
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27C64A 


READ OPERATION — AC CHARACTERISTICS -55 °C < Tce < + 125°C, 4.5V < Voc < 5.5V 


ERASURE CHARACTERISTICS 


The recommended erasure procedure for the 
27C64A is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Ang- 
stroms ( K ). The integrated dose (i.e., UV in- 
tensity x exposure time) for erasure should be 
a minimum of 15Wsec/cm2. The erasure time 
with this dosage is approximately 15 to 20 min- 
utes using an ultravioletlamp with a 12,000LLW/ 
cm? power rating. The 27C64A should be 
placed within one inch of the lamp tubes during 


AC TESTING LOAD CIRCUIT 


Figure 1. Test Configuration 


PROGRAMMING MODES 


VERSIONS 


erasure. The maximum integrated dose a 
27C64A can be exposed to without damage is 
7258UL.W/cm? (1 week @ 12,000Wsec/cm?). 
Exposure of these CMOS EPROMs to high in- 
tensity UV light for longer periods may cause 
permanent damage. 

The erasure characteristics of the 27C64A are 
such that erasure begins to occur upon expo- 
sure to light with wavelengths shorter than ap- 
proximately 4000 Angstroms ( A ). It should be 
noted that sunlight and certain types of fluores- 


AC WAVEFORMS 


27C64A-20 27C64A-25 27C64A-35 UNIT 


| Min | Max | Min | Max | Min | Max _ 

ee ee ee 
ae a 2 ee oe 
ae i ee oe ae he 
eT eP ep 


cent lamps have wavelengths in the 


3000-4000 A range. Data shows that con- 
stant exposure to room level fluorescent light- 
ing could erase the typical 27C64A in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed todirect sunlight. Ifthe 27C64A 
is to be exposed to these types of lighting condi- 
tions for extended periods of time, opaque la- 
bels should be placed over the window to 
prevent unintentional erasure. 


Input Pulse Characteristics: t,, t;< 5ns, PRR = 1MHz; for measurement points see Note 11. 


Program verify Vin 


Program inhibit Vin 


Vin 


Intelligent identifier-manufacturer'4 Vit 


Intelligent identifier'4 
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OUTPUTS 
(11-13, 15-19) 
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64K CMOS UV Erasable PROM (8Kx8) 


27C64A 


CMOS 
NOISE CHARACTERISTICS 


Special epitaxial processing techniques have 
enabled Signetics to build CMOS with features 
adding to system reliability. These include In- 
put/Output protection to latch-up. Each of the 
data and address pins will notlatch—up with cur- 
rents up to 100mA and voltages from —1V to 
Voc + 1V. 


Additionally, the Vpp (Programming) pin is de- 
signed to resist latch—-up to the 14V maximum 
device limit. 


PROGRAMMING 
Caution: 

permanently damage the 27C64A. 
Initially, and after each erasure, all bits of the 
27C64A are in the “1" state. Data is introduced 
by selectively programming “0” into the desired 
bit locations. Although only “0” will be pro- 
grammed, both “1” and “0” can be presentin the 
data word. The only way to change an “O” toa 
“1" is by ultraviolet light erasure. 


The 27C64A is in the programming mode when 
the Vpp inputis at 12.5V and CE is at TTL—low. 
The data to be programmed is applied 8 bits in 
parallel to the data output pins. The levels re- 
quired for the address and data inputs are TTL. 


INTELLIGENT 


PROGRAMMING ALGORITHM 
The 27C64A intelligent programming algo- 
rithms rapidly program Signetics CMOS 


Exceeding 14.0V on Vpp pin may : 


EPROMs using an efficient and reliable method 
particularly suited to the production program- 
ming environment. Typical programming times 
for individual devices are on the order of five 
minutes. Actual programming times may vary 
due to differences in programming equipment. 


Programming reliability is also ensured as the 
incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flow—chart 
of the 27C64A intelligent program algorithm is 
shown in Figure 2. 


The intelligent programming algorithm utilizes 
two different pulse types: initial and overpro- 
gram. The duration of the initial PGM pulse(s) 
is ims, which will then be followed by a longer 
overprogram pulse of length 3Xms. X is adura- 
tion counter and is equal to the number of the 
initial ims pulses applied to a_ particular 
27C64A location, before a correct verify oc- 
curs. Up to 25 ims pulses per byte are pro- 
vided for before the overprogram is applied. 


The entire sequence of program pulses and 


byte verifications is performed at Vcc = 6.0V 
and Vpp = 12.5V. 


When the intelligent programming cycle has 
been completed, all bytes should be compared 
to the original data with Vcc = 5.0V. 


PROGRAM INHIBIT 

Programming of multiple 27C64A EPROMs in 
parallel with different data is easily accom- 
plished by using the Program Inhibit mode. A 


hightevel CE input inhibits other 27C64A 
EPROMs from being programmed. 


Except for CE, all inputs of the parallel 
27C64A's may be common. A TTL low-level 
pulse applied to the PGM and CE input with Vpp 
at 12.5V will program the selected 27C64A. 


VERIFY 

A verify (read) should be performed on the pro- 
grammed bits to determine that they have been 
correctly programmed. The verify is performed 


with OE and CE at V,, and PGMat Vi. Data 
should be verified a minimum of Togy after the 
falling edge of OE. 


INTELLIGENT 
IDENTIFIER MODE 


The intelligent identifier mode allows the read- 
ing out of a binary code from an EPROM that 
will identify its manufacturer and type. This 
mode is intended for use by programming 
equipment for the purpose of automatically 
matching the device to be programmed with its 
corresponding programming algorithm. This 
mode is functional in the 25°C + 5°C ambient 
temperature range that is required when pro- 
gramming the 27C64A. 


To activate this mode the programming equip- 
ment must force 11.5V to 12.5V on address line 
Ag of the 27C64A. Two bytes may then be se- 
quenced from the device outputs by toggling 
address line Ag from Vi to Viy. All other ad- 
dress lines must be held at V), during intelligent 
identifier mode. 


INTELLIGENT PROGRAMMING ALGORITHM DC PROGRAMMING CHARACTERISTICS 


Ta = 25°C + 5°C, Voc = 6.0V + 0.25V, Vpp = 12.5V + 0.5V 


Input current (all inputs) 
Input Low level (all inputs) 


Vin = Vit or Vin 


lot =2.1mA 


Oo - O7 =OmA 


Vpp supply current (program) 


April 28, 1989 617 


Signetics Military Application Specific Products Product Specification 


64K CMOS UV Erasable PROM (8Kx8) 27C64A 


AC PROGRAMMING CHARACTERISTICS 


PARAMETER TEST CONDITIONS'® 


2 
Se a 
Pees [OE seipine ——SSOSCSC~—~—S 
em a 
Se 
an is 
ru cca 
ee cel 
rae ee 
fn Beene 
cael 

floc 


Seo noe 17 
Data valid from OE rs 
NOTES: 


1. Erase characteristics do not apply for one time programming (OT). 

2. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

3. Minimum DC input voltage is -0.5V. During transitions, the inputs may undershoot to —2.0V for periods less than 20ns. 

4. Typical limits are at Voc = 5V, Ta = + 25°C. 

5. TTLinputs: spec Vi, Viy levels; 

CMOS inputs: GND + 0.2V to Voc + 0.2V. 

CE is Vcc + 0.2V. All other inputs can have any value within spec. 

Maximum active power usage is the sum Ipp + loc. 

Output shorted for no more than one second. No more than one output shorted at a time. 

9. Vpp may be one diode voltage drop below Vcc. It may be connected directly to Voc. 

10. Guaranteed, but not tested. 

11. AC characteristics tested at Vi, = 2.4V and V;, = 0.45V. Timing measurements made at Vo, = 0.8V and Voy = 2.0V. 

12. X can be Vi, or Viy. 

13. Vy = 12.0V + 0.5V. 

14.A; —Ag, Aio— Aj2 = Vi. 

15. Voc = 6.0V + 0.25V. 

16.AC Conditions of Test: 

Input Rise and Fall Times (100% to 90%): 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Input Timing Reference Level: 0.8V to 2.0V 
Output Timing Reference Level: 0.8V to 2.0V 
17. Initial Program Pulse width tolerance is 1msec + 5%. 
18. The length of the overprogram pulse may vary from 2.85msec to 78.75msec as a function of the iteration counter value X. 


19. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer driven (see Timing 
Diagram). 


ONO 
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PROGRAM ONE 1 ms PULSE 


INCREMENT X 


NO 


VERIFY DEVICE 
ONE BYTE FAILED 


PASS 


PROGRAM ONE PULSE 
OF 3X msec DURATION 
NO 
INCREMENT ADDR LAST ADDR? 


COMPARE 
ALL BYTES DEVICE 
TO ORIGINAL FAILED 
DATA 


DEVICE PASSED 


Figure 2. Intelligent Programming Flowchart 
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Vin 
ADDRESSES ADDRESS TABLE 


( DATA IN STABLE J 


NOTES: 
1. The Input Timing Regerence Level is 0.8V for Vj, and 2V for a Vip, 


2. tOg and tprp are characteristics of the device but must be accommodated by the programmer. 
3. When programming 27C64A, a 0.1uF capacitor is required across Vpp and ground to suppress spurious voltage transients which can damage the device. 


Figure 3. Intelligent Programming Waveform 
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signetics 27C256 
256K CMOS UV Erasable PROM 
(32Kx8) 


Product Specification 
Military Application Specific 
Products 
DESCRIPTION CERDIP PIN CONFIGURATION LLCC PIN CONFIGURATION 


The Signetics 27C256 CMOS EPROMs 
are 256K-Bit 5V only memories organized 
as 32,768 words of 8 bits. They employ 
advanced CMOS circuitry for systems 
requiring low-power, high-performance 
speeds and immunity to noise. The 
27C256 has a non-multiplexed address- 
ing interface and is plug compatible with 
the industry standard 27256. 


The 27C256 achieves both high-perform- 
ance and low power consumption (10mA 
active current maximum, CMOS inputs), 
making them ideal for high-performance, 
portable equipment. 


It is programmed with standard EPROM 
programmers and the intelligent program- 
ming algorithm may be utilized. 


TOP VIEW 


FEATURES 


@ CMOS/NMOS microcontroller and 
microprocessor compatible 


— Universal 28- or 32-Pin memory 


site, 2-line control x 
© Low power consumption | Outputs : - 
® Noise Immunity features : : 

— +10% Vcc tolerance 8 0 
— Maximum latch-up immunity 9 J 


> — 
-9O 


through epitaxial processing 


Program Voltage 


© Fast, reliable intelligent 
programming 
— 12.5V Vpp, HCMOS 11-E 
compatible 
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BLOCK DIAGRAM 


DATA OUTPUTS 
Oo - 07 


OUTPUT ENABLE 
PROGRAMMING LOGIC 


OUTPUT BUFFERS 
CHIP ENABLE 


Y DECODE 


ORDERING INFORMATION 


ORDER CODE 


28—Pin Ceramic DIP w/Quartz Window 27C256/BXA-20 
28—Pin Ceramic DIP w/o Quartz Window! 27C256/BXA-20 OT 
32-Pin Rectangular LLCC w/Quartz Window 27C256/BUA-20 


ABSOLUTE MAXIMUM RATINGS2 


SYMBOL PARAMETER 
Voltage on any pin with respect to ground —2.0 to Voc +7V 


Voltage on CE Pin with respect to ground —2.0 to +13.5 
Supply voltage with respect to ground during programming —2.0 to 14.0 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


Vcc | Supply voltage 


High-level output current nas 
Low-level output current ae 
Vpp read voltage & 


—— 
— 
a 
ee 
[vk [Lowen votage HOS Vop=Vor 0 | fof 
— 
—— 
—— 
[, operating tompertrerangs tes 0 
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READ OPERATION DC CHARACTERISTICS -55 °C < Ta < + 125°C, Voc = 5V + 10% 
SYMBOL 


LH Input leakage current 
IL 
lou Output leakage current 


loi 


loc TTL®8 Operating current TTL inputs 


I¢c¢CMOS®® | Operating current CMOS inputs 


Standby current TTL inputs 
Standby current CMOS inputs 


Input Low voltage (TTL) 
Input Low voltage (CMOS) 
Input High voltage (TTL) 
Input High voltage (CMOS) 


leat TLe 
ls5gCMOS® 


Ipp® 
Vio 
Vin? 
VoL 
Vou 
los’ 


CAPACITANCE Ta = 25°C, f = 1.0MHz 


READ MODES 


Read 
Output disable 
Standby 


READ MODE 

The 27C256 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (CE) is the 
power control and should be used for device se- 
lection. Output Enable (OE) is the output con- 
trol and should be used to gate data from the 
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Address/control capacitance 
Output capacitance 


Output Low voltage 
Output High voltage 
Output short-circuit current 


SYMBOL PARAMETER TEST CONDITIONS p MAX 


output pins, independent of device selection. 
Assuming that addresses are stable, the ad- 
dress access time (tacc) is equal to the delay 
from CE to output (tce). Datais available at the 
outputs after a delay of tog from the falling edge 
of OE, assuming that CE has been low and ad- 
dresses have been stable for at least tacc—tog. 
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OUTPUTS 
(11-13, 15-19) 


Do 
Hi-Z 
Hi-Z 


STANDBY MODE 

The 27C256 has a Standby mode which re- 
duces the maximum CMOS V current to 
100,LA. The device is placed in the Standby 
mode when Pin 20 is in the High state. When 
in the Standby mode, the outputs are in a high— 
impedance state, independent of the OE input. 
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270256 


READ OPERATION — AC CHARACTERISTICS -55 °C < Ta<+ 125°C, 4.5V < Voc < 5.5V"? 


Address to output delay 


NOTES 
C, = 100pF AND INCLUDES JIG CAPACITANCE 


SYSTEM CONSIDERATIONS 

The power switching characteristics of CMOS 
EPROMs require careful decoupling of the de- 
vices. The supply current, loc, has three seg- 
ments that are of interest to the system 
designer — the standby current level, the active 
current level, and the transient current peaks 
that are produced by the falling and rising 
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CE to output delay 
F toe | OE to output delay 
OE or CE High to output Hi-Z 


Output hold from addresses, 
CE or OE change — whichever is first 


PARAMETER 27C256—20 27C256—25 UNIT 


edges of Chip Enable. The magnitude of these 
transient current peaks is dependent on the 
output capacitive and inductive loading of the 
devices. The associated transient voltage 
peaks can be suppressed by complying with 
Two-—Line Control and by properly selected de- 
coupling capacitors. 


Itis recommended that a0. 1[LF ceramic capac- 
itor be used on every device between Vcc and 
GND. This should be a high frequency capaci- 
tor of low inherent inductance and should be 
placed as close to the device as possible. In ad- 
dition, a 4.7L1F bulk electrolytic capacitor 
should be used between Vcc and GND for ev- 
ery eightdevices. The bulk capacitor should be 
located near where the power supply is con- 
nected to the array. The purpose of the bulk ca- 
pacitor is to overcome the voltage drop caused 
by the inductive effects of PC board traces. 


ERASURE CHARACTERISTICS 

The erasure characteristics of the 27C256 are 
such that erasure begins to occur upon expo- 
sure to light with wavelengths shorter than ap- 
proximately 4000 Angstroms (A). It should be 
noted that sunlight and certain types of fluores- 
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| Min | Max | Min | Max | 

i ee 2 
a 2 ee 2 
ee eT ee 
co 


cent lamps have wavelengths in the 
3000-4000 A Range. Data shows that con- 
stant exposure to room level fluorescent light- 
ing could erase the typical 270256 in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 27C256 
is to be exposed to these types of lighting condi- 
tions for extended periods of time, opaque la- 
bels should be placed over the window to 
prevent unintentional erasure. 


The recommended erasure procedure for the 
27C256 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Ang- 
stroms (A). The integrated dose (i.e., UV inten- 
sity x exposure time) for erasure should be a 
minimum of 15Wsec/cm?. The erasure time 
with this dosage is approximately 15 to 20 min- 


utes using an ultraviolet lamp with a 12,000,1W/ 
cm? power rating. The 27C256 should be 
placed within one inch of the lamp tubes during 
erasure. The maximum integrated dose a 
27C256 can be exposed to without damage is 
7258W/cm? (1 week @ 1200LLW/cm?2). Expo- 
sure of these CMOS EPROMs to high intensity 
UV light for longer periods may cause perma- 
nent damage. 
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AC WAVEFORMS 


Vin 


ADDRESSES ADDRESS 
VALID 


Intelligent programming 


VALID 
| OUTPUT 


Program inhibit x13 
Intelligent identifier+manufacturer'® Vu 


Intelligent identifier!® 


CMOS NOISE CHARACTERISTICS 
Special epitaphial processing techniques have 
enabled Signetics to build CMOS with features 
adding to system reliability. These include In- 
put/Output protection to latch-up. Each of the 
data and address pins will notlatch—up with cur- 
rents up to 100mA and voltages from —1V to 
Voc + 1V. 


Additionally, the Vpp (Programming) pin is de- 
signed to resist latch—-up to the 14V maximum 
device limit. 


PROGRAMMING 
Caution: Exceeding 14.0V on Vpp Pin may 
permanently damage the 27C256. 
Initially, and after each erasure, all bits of the 
27C256 are in the “1” state. Data is introduced 
by selectively programming “O” into the desired 
bit location. Although only “0” will be pro- 
grammed, both “1” and “0” can be presentin the 
data word. The only way to change an “O" toa 
“1” is by ultraviolet light erasure. 


The 27C256 is in the programming mode when 
the Vpp inputis at 12.5V and CE is at TTL—Low. 
The data to be programmed is applied 8 bits in 
parallel to the data output pins. The levels re- 
quired for the address and data inputs are TTL. 
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INTELLIGENT PROGRAMMING ™ 


ALGORITHM 

The 27C256 intelligent programming algo- 
rithms rapidly program Signetics CMOS 
EPROMs using an efficient and reliable method 
particularly suited to the production program- 
ming environment. Typical programming times 
for individual devices are on the order of five 
minutes. Actual programming times may vary 
due to differences in programming equipment. 


Programming reliability is also ensured as the 
incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flow—chart 
of the 27C256 intelligent program algorithm is 
shown in Figure 1. 


The intelligent programming algorithm utilizes 
two different pulse types: initial and overpro- 
gram. The duration of the initial CE pulse(s) is 
1ms, which will then be followed by a longer 
overprogram pulse of length 3Xms. X is adura- 
tion counter and is equal to the number of the 
initial 2ms pulses applied to a particular 
27C 256 location, before acorrect verify occurs. 
Up to 25 1ms pulses per byte are provided for 
before the overprogram is applied. 
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OUTPUTS 
(11-13, 15-19) 


The entire sequence of program pulses and 


byte verifications is performed at Vcc = 6.0V 
and Vpp = 12.5V. 


When the intelligent programming cycle has 
been completed, all bytes should be compared 
to the original data with Voc = 5.0V. 


PROGRAM INHIBIT 

Programming of multiple 27C256 EPROMs in 
parallel with different data is easily accom- 
plished by using the Program Inhibit mode. A 
high-level CE input inhibits other 27C256 
EPROMs from being programmed. 


Except for OE or CE, all inputs of the parallel 
27C256s may be common. A TTL low-level 
pulse applied to the CE or ALE/CE input with 
Vpp at 12.5V will program the selected 27C 256. 


VERIFY 

A verify (read) should be performed on the pro- 
grammed bits to determine that they have been 
correctly programmed. The verify is performed 

with OE at Vi, and CE at Vj and Vpp at 12.5V. 
Data should be verified a minimum of Togy af- 
ter the falling edge of OE. 
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270256 


INTELLIGENT IDENTIFIER MODE 

The intelligent identifier mode allows the read- 
ing out of a binary code from an EPROM that 
will identify its manufacturer and type. This 
mode is intended for use by programming 
equipment for the purpose of automatically 


matching the device to be programmed with its 
corresponding programming algorithm. This 


mode is functional in the 25°C + 5°C ambient 
temperature range that is required when pro- 
gramming the 27C256. 


To activate this mode the programming equip- 
ment must force 11.5V to 12.5V on address line 
Ag of the 27C256. Two bytes may then be se- 
quenced from the device outputs by toggling 
address line Ag from Vi, to Viy. All other ad- 
dress lines must be held at V), during intelligent 
identifier mode. 


INTELLIGENT PROGRAMMING ALGORITHM DC PROGRAMMING CHARACTERISTICS 
Ta = 25°C Ba 5°C, Voc = 6.0V + 0.25V, Vpp = 12.5V fn 0.5V 


NH 

Vi 

Viq 
[lee 


a 

Vic | Teput Low evel (atinpuisy ee 

Yn | leputighiowet 
Output High voltage during verify 


lou = 2.1mA 


AC PROGRAMMING CHARACTERISTICS 


tvcs 


CE initial program pulse width 
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SYMBOL PARAMETER 


[tus | Address setuptime 
flocs | DEsouptme Cd 
[vos | Nests 
tpw 
topw 


CE overprogram pulse width 
| toc | Datta valid from OE 


(See note 18) 
(See note 19) 
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NOTES: 

1. Erase characteristics do not apply for one time programming (OT). 

2. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operation sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

. Minimum DC input voltage is -0.5V. during transitions, the inputs may undershoot to —2.0V for periods less than 20ns. 

Typical limits are at Voc = 5V, Ta = + 25°C. 

Other inputs can have any value within spec. 

Maximum active power usage is the sum Ipp + Icc and is measured at 5MHz. 

Output shorted for no more than one second. No more than one output shorted at a time. Ios is sampled but not 100% tested. 

Vpp may be one diode voltage drop below Vcc. It may be connected directly to Voc. Also, Voc must be applied simultaneously or before 

Vpp and removed simultaneously or after Vpp. 

9. TTLinputs: spec TTL at Vi_, Viy levels. CMOS inputs: GND + 0.2V to Voc + 0.2V. 

10. Guaranteed, but not tested. 

11. X can be Vin or ViL- 

12.AC characteristics tested at Vi, = 2.4V and V,_ = 0.45V. Timing measurements made at Vo, = 0.8V and Voy = 2.0V. 

13. X can be Vit or Vin- 

14. Vy = 12.0V + 0.5V. 

15. A; —Ag, Aio— Aj2 = Vi. 

16. Voc = 6.0V + 0.25V. 

17.AC Conditions of Test: 

Input Rise and Fall Times (100% to 90%): 20ns 
Input Pulse Levels: 0.45V to 2.4V 

Input Timing Reference Level: 0.8V to 2.0V 
Output Timing Reference Level: 0.8V to 2.0V 

18. Initial Program Pulse width tolerance is 1msec + 5%. 

19. The length of the overprogram pulse may vary from 2.85msec to 78.75msec as a function of the iteration counter value X. 

20. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer driven (see Timing 

Diagram). 


ODNAOA wo 
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START 
ADDR = FIRST LOCATION 


Voc = 6.0V 
Vpp = 12.5V 


PROGRAM ONE 1 msec PULSE 
INCREMENT X 


VERIFY ONE DEVICE 
BYTE FAILED 


PROGRAM ONE PULSE 
OF 3X msec DURATION 


INCREMENT ADDR LAST ADDR? 


YES 
Vcc = Vpp = 5.0V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


PASS 
DEVICE PASSED 


Figure 4. Intelligent Programming Flowchart 
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PROGRAM 


Vou 
ADDRESSES ( ADDRESS TABLE 


las 
HI-Z 
4 DATA IN STABLE , DATA OUT VALID 


tvps 


oil 


toes 


<loes> 


NOTES: 
1. The Input Timing Reference Level is 0.8V for Vj, and 2V for a Vip, input pulse levels are 0.45V and 2.4V. 


2. tog and tprp are characteristics of the device but must be accommodated by the programmer. 
3. When programming 27C256, a 0.1uF capacitor is required across Vpp and ground to suppress spurious voltage transients which can damage the device. 


Figure 5. Intelligent Programming Waveforms 
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DESCRIPTION 

The Signetics 270512 CMOS EPROM is 
a 512K-bit, 5V-only memory organized as 
65,536 words of 8 bits each. It employs 
advanced CMOS circuitry for systems re- 
quiring low power, high-performance 
speeds and immunity to noise. The 
27C512 has a non-multiplexed address- 
ing interface and is plug-compatible with 
the industry standard 27512. 


The 27C512, available in a ceramic DIP 
package, achieves both high performance 
and low power consumption, making it 


ideal for high-performance, portable 
equipment. This device can be pro- 
grammed with standard EPROM 
programmers. 


ORDERING INFORMATION 


DESCRIPTION 


2/C312 
512K CMOS UV Erasable PROM 


(64Kx8) 


Product Specification 


PIN CONFIGURATION 


FEATURES 


@ CMOS/NMOS microcontroller and 
microprocessor compatible 


— Universal 28—pin memory site, 
2-line control 
© Low power consumption 


® Noise Immunity features 
— +10% Vcc tolerance 
— Maximum latch-up immunity 
through epitaxial processing 
© Fast, reliable intelligent program- 
ming 


— 12.5V Vpp, HCMOS 11-E 
compatible 


ORDER CODE 
[——200ne [Se 


28—Pin Ceramic DIP w/Quartz Window 27C0512/BXA-20 270512/BXA-25 


BLOCK DIAGRAM 


DATA OUTPUTS 
Op - 07 


ee ee 
Output Enable/ 
Programming Voltage 


OUTPUT ENABLE 
PROGRAMMING LOGIC 


CHIP ENABLE 


Y DECODE 


OUTPUT BUFFERS 


Y-GATING 


262,144 BIT 
CELL MATRIX 
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Signetics Military Standard Products Product Specification 


512K CMOS UV Erasable PROM (64Kx8) 270512 


ABSOLUTE MAXIMUM RATINGS2 


° 
V 
V 


C 
V 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


| Nom | 

[vec [Suopyweiegs SCSC~“~“S*~*~‘“~sCASC*dSCO 

aa 

[wah ivingutvotge HOS Cid | 
[Tow-ieetnpavetage ——SSCSCSCSC~isd TC 

7 ore 

} na 

a 

2 


[vigh-ovelouptanen ——SSSCS~SSCCS 
[tow-eveloupitourent CdS 
[ operaing ienpomurerange SSSSCSCSC*dC 


TEST CONDITIONS 
Typ4 


Viz Voo = MAX oo | 0 | 
V; = 0.0V, Voc = MAX 
Output leakage current Vi = Voc = MAX 


V, = 0.0V, Voc = MAX 


TE = OE - Vi. Vpp = Voc = MAX 


6,8 
Operating current TTL inputs Qo— O07 = OMA, f = 1/Tacc max 


Standby current TTL inputs | TE=Vin Voc=MAX | 
Bea 
24 
ee 


Vcc 
lon 


PARAMETER 


SYMBOL 


Input leakage current 


ie) 
= 


fF 
Oo 
AS 


Output High voltage lon = MAX, Voc = MIN 


IsgCMOS® | Standby current CMOS inputs CE = Vin, Voc = MAX 
Voc = MAX, Io = OV 


Output Low voltage lo. = MAX, Voc = MIN 


Output short-circuit current 


CAPACITANCE T, = 25°C, f = 1.0MHz 


SYMBOL PARAMETER CONDITIONS 
BL 
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Signetics Military Standard Products 


Product Specification 


512K CMOS UV Erasable PROM (64Kx8) 


270512 


READ OPERATION — AC CHARACTERISTICS -55 °C < Ta<+ 125°C, 4.5V < Voc < 5.5V 


top '0 


NOTES: 


SYMBOL PARAMETER 27C512-20 27C0512-25 UNITS 


Toe | OF woupiteoay SSCS 


1. Erase characteristics do not apply for one time programming (OT). 
2. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operation sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
. Minimum DC input voltage is -0.5V. during transitions, the inputs may undershoot to —2.0V for periods less than 20ns. 


. Typical limits are at Voc = 5V, Ta = + 25°C. 
. Other inputs can have any value within spec. 


| Max _| 
| 200 
| 200 
| 5 
a 
Pot 


. Output shorted for no more than one second. No more than one output shorted at a time. Ios is sampled but not 100% tested. 


3 
4 
§ 
6. Maximum active power usage is the sum Ipp + Icc and is measured at SMHz. 
7 
8 


. Voc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
. TTL inputs: spec TTL at Vi_, Viy levels. CMOS inputs: GND + 0.2V to Voc + 0.2V. 


ie) 


10. Guaranteed, but not tested. 
11. X can be Vin or Vic. 


12. AC characteristics tested at V4 = 2.4V and Vy. = 0.45V. Timing measurements made at Vo, = 0.8V and Voy = 2.0V. 


DEVICE OPERATION —- START 


Read 


READ MODE 

The 27C512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (CE) is the 
power control and should be used for device se- 
lection. Output Enable OE/Vpp is the output 
control and should be used to gate data from 
the output pins. Data is available at the outputs 
after a delay of tog from the falling edge of 
OE/Vpp, assuming that CE has been Low and 
addresses have been stable for at least 
tacc—toe. 
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Output disable 


STANDBY MODE 

The 27C512 has a standby mode which re- 
duces the maximum Vcc current to 100A. It 
is placed in the Standby mode when CE is in the 
High state. When in the Standby mode, the out- 
puts are in a high-impedance state, indepen- 
dent of the OE/Vpp pin. 
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NOTES 
C,  100pF AND INCLUDES yIG CAPACITANCE 


Signetics Military Standard Products 


Product Specification 


512K CMOS UV Erasable PROM (64Kx8) 


270512 


AC VOLTAGE WAVEFORMS 


Vin 
ADDRESSES 


OUTPUT 
Vou 


Input Pulse Characteristics: tr, Tt < 5ns, PRR = 1MHz 


PROGRAMMING INFORMATION 
Complete programming system specifications 
for the quick-pulse programming program 
method are available upon request from Sig- 
netics Military Marketing. 


Signetics encourages the purchase of pro- 
gramming equipment from a manufacturer who 
has a full line of programming products to offer. 
Signetics also encourages the manufacturers 
of PROM programming equipment to submit 
their equipment for verification of electrical pa- 
rameters and programming procedures. Infor- 
mation on manufacturers offering equipment 
certified by Signetics is available upon request 
from Signetics Military Memory Marketing. 


PROGRAMMING THE 27C512 
Caution: Exceeding 14.0V on OE/Vpp Pin may 
permanently damage the 27C512. 


The 270512 Quick Pulse programming algo- 
rithms rapidly program CMOS EPROMs using 
an efficient and reliable method particularly 
suited to the production programming environ- 
ment. Actual programming times may vary due 
to differences in programming equipment. 


Initially, all bits of the 27C512 are in the “1” 
state. Data is introduced by selectively pro- 
gramming “O"s into the desired bit locations. Al- 
though only “O”s will be programmed, both “1”s 
and “O"s can be present in the data word. 
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| 


[TT sui 


ADDRESS —_ 
VALID 


KN, oureut £7 


The 27C512is in the programming mode when 
the OE/Vpp input is at 12.75V and CE is at TTL 
Logic Low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. 
The levels required for the address and data in- 
puts are standard TTL logic levels. 


INTELLIGENT IDENTIFIER 

The intelligent identifier provides the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
functional in the 25° + 5°C ambient temperature 
range. To activate this mode, the equipment 
must force 11.5V to 12.5V on address Ag of the 
27C 512. Two bytes may then be read from the 
device outputs by toggling address line Ag from 
Vi to Vin. The CE, OE/Vpp and all other ad- 
dress lines must be at Vj during interrogation. 


The identifier information for Signetics 27C512 
is as follows: 


When Ao = Vit 
data is “Manufacturer” 15(HEX) 
When Ao = Vin 
data is “Product” 1Dwex) 


ERASURE CHARACTERISTICS 

The erasure characteristics of the 27C512 are 
such that erasure begins to occur upon expo- 
sure to light with wavelengths shorter than 
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aproximately 4000 Angstroms (A). It should be 
noted that sunlight and certain types of fluores- 
cent lamps have wavelengths in the 
3000-4000 A range. Data shows that constant 
exposure to room level fluorescent lighting 
could erase the typical 27C512 in approximate- 
ly three years, while it would take approximate- 
ly one week to cause erasure when exposed to 
direct sunlight. If the 27C512 is to be exposed 
to these types of lighting conditions for ex- 
tended periods of time, opaque labels should 
be placed over the window to prevent uninten- 
tional erasure or the windowless OTP device 
can be used. 


The recommended erasure procedure for the 
27C512 is exposure to shortwave ultraviolet 
light which has a wave length of 2537 Ang- 
stroms (A). The integrated dose (i.e., UV inten- 
sity x exposure time) for erasure should be a 
minimum of 15Wsec/cm?. The erasure time 
with this dosage is approximately 15 to 20 min- 


utes using an ultraviolet lamp with a 12,000LLW/ 
cm? power rating. The 27C512 should be 
placed within one inch of the lamp tubes during 
erasure. The maximum integrated dose a 
27C512 can be exposed to without damage is 
7258W/cm? (1 week @ 1200LLW/cm?). Expo- 
sure of these CMOS EPROMs to high intensity 
UV light for longer periods may cause perma- 
nent damage. 


signetics 27HC641 
64K-Bit CMOS PROM 


(8Kx 8) 


Product Specification 
Military CMOS Memory Products 


DESCRIPTION FEATURES PIN CONFIGURATION 
The 27HC641 is aCMOS, high-speed UV e Address access times 55ns and 
erasable, electronically programmed 70ns 

Read Only Memory. It is organized as 

8192 wide of 8 bits and ae froma © Max operating ICC of 110mA 
single 5 volts +/- 10% power supply. All © 3-State outputs 

outputs offer 3-State operation and are ful- 


ly TTL compatible. ® Direct replacement of Bipolar 


PROMs 
The 27HC641 uses advanced CMOS Cl- op, ogrammed on industry standard 
cuitry which allows operation at bipolar EPROM programmers 


PROM speeds while consuming lower 
power. The highest degree of protection © Fully TTL compatible 
against latch-up is achieved through epi- 

taxial processing, simplifying thedesignof APPLICATIONS 


electronic equipment which is subjecttoa Prototyping and volume production 
high noise environment. 


The 27HC641 is available in the industry 

standard 24-pin Dual-In-Line (DIP) pack- © Sequential controllers 
age with the same pin out as most 64K bi- e Microprogramming 
polar PROMs, thereby making it easier to 
upgrade systems currently using higher 
power bipolar PROMs, and allowing the 
designer to provide a lower power 
memory system solution. Also available 
in a standard 32-Pin LLCC. 


© High performance memory systems 


For LLCC pin assignments see JEDEC Standard 21 
®@ Random Logic Replacement 


ORDERING INFORMATION 
ee ee 
28-Pin LLCC w/Quartz Window 27HC641/B3A-55 
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Signetics Military CMOS Memory Products Product Specification 


64K-—Bit CMOS PROM (8Kx8) 27HC641 


BLOCK DIAGRAM 


1:512 512 » 128 
DECODE MATRIX 


eas 1:16 MUX 


8 3-STATE DRIVERS 


Q, Q, Q, @, @, Q@ a, a, 


ABSOLUTE MAXIMUM RATINGS2 


Operating temperature range 
ve | Votageon CE pinwithrespectioGND—=S~=~“~*“~*“‘*~“‘*~“*~*dSCS*‘“‘“ TSC 


RECOMMENDED OPERATING CONDITIONS 


| Min | Nom | 
SN 
Tin [epuretage Ha S*d OY 
7 
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Signetics Military CMOS Memory Products Product Specification 


64K-Bit CMOS PROM (8Kx8) 27HC641 


DC CHARACTERISTICS -55° <T, <+ 125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TEST CONDITIONS 
Input leakage current Low Heavy ne 
Input leakage current High Vo 


Output current Hi-Z State Vo = 0.45V, Voc = MAX a 
Output voltage Low end | 


Input clamp voltage _— 
(All input pins except CE) 18mA, Vcc = MIN 


Vi= ; 
Input clamp voltage (CE) V; =-12mA_ Voc = MIN 


Short circuit output current® Vo = OV Veg = MAX 


SYMBOL PARAMETER 


| Min | Max | Min 

SO = 
[ec | Giperaboomnsine TT Cd 
a 


UNIT 


Output disable time from chip enable 


Vcc = MIN, 
Vor Output voltage High lon = -2mA 


AC ELECTRICALS DURING PROGRAMMING T, =25° C + 5°C, Voc. 5V+ 5%, Vpp = 12.5V + 0.5V 


SYMBOL PARAMETER LIMITS 


p Min | Max 
Pw wiiepueewah—OSOSCSCSOSC“CSCs‘iSSO 
Pa [aeeim OOSCSC—“—sSC“‘sSs“‘“‘:*S*sSCtSC“SSCCS*d 
a a 
a 
a 
a 
re 
: a 
es 


BLS 


NOTES: 


1. Erase characteristics do not apply for one time programming (OT). 

2. Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the operation section of this specification is 
not implied. 

Minimum DC input voltage is —0.5V during transitions. The inputs may undershoot to —2.0V for periods less than 20ns. 

Cin and Court are measured initially and after any design changes which may affect capacitance. 

Test conditions (C, = 30pF, R; = 300Q, and Ro = 60022.). . 

Duration of short circuit should not exceed 1 second and short only one output at a time. 


An Rw 
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Signetics Military CMOS Memory Products 


64K-Bit CMOS PROM (8Kx8) 


Product Specification 


27HC641 


EQUIVALENT AC TEST LOAD 
CIRCUIT 


C, = 30pF INCLUDES 
SCOPE AND JIG CAPACITANCE 


ERASURE CHARACTERISTICS 

The 27HC641 is erased by exposure to ultra- 
violet light. The recommended erasure proce- 
dure is exposure to short-wave ultraviolet light 
which has a wavelength of 2537 Angstroms 
(A). The integrated dose (i.e., UV intensity X 
exposure time) for erasure should be a mini- 
mum of 15Wsec/cm2. The erasure time with 
this dosage is approximately 15 to 20 minutes 


using an ultraviolet lamp with 12,000jLLW/cm? 
power rating. 


The 27HC641 should be placed within one inch 
of the lamp tubes during erasure. The maxi- 
mum integrated dose a 27HC641 can be ex- 
posed to without damage is 7258Wsec/cm2 (1 
week @ 12000L1W/cm?). Exposure of this 
CMOS EPROM to high-intensity UV light for 
longer periods may cause permanent damage. 
Some erasure may occur with exposure to light 
sources having wavelengths shorter than 4000 
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(A) such as sunlight or fluorescent light. For 
maximum system reliability, precautions 
should be taken by placing opaque labels over 
the quartz window when used in these environ- 
ments. 


PROGRAMMING THE 27HC641 
Initially, and after each erasure, all bits of the 
27HC641 are in an undefined state. Data is in- 
troduced by programming “1"s and “0’s into the 
desired bit locations. Both “1”s and “O"s must 
be present in the data word to define each bit. 
The only way to change a bit to the opposite 
state is by ultraviolet light erasure and program- 
ming it to the desired state. 


The 27HC641 is in the programming mode 
when the Output Enable (G) pinis at 12.5V. The 
data to be programmedis applied 8 bits in paral- 
lel to the data output pins. The levels required 
for the address and data inputs are standard 
TTL logic levels. 


INTELLIGENT IDENTIFIER 

The intelligent identifier mode allows the read- 
ing out of a binary code from an EPROM that 
will identify its manufacturer and type. This 
mode is intended for use by programming 
equipment for the purpose of automatically 
matching the device to be programmed with its 
corresponding programming algorithm. This 


mode is functional in the 25°C + 5°C ambient 
temperature range that is required when pro- 
gramming the 27HC641. 


To activate this mode, the programming equip- 
ment must force 11.5V to 12.5V on address line 


Ag (Pin 22) of the 27HC641. Two bytes may 
then be read from the device outputs by 


toggling address line Ao (Pin 8) from Vj, to Vix. 
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The G and all other address lines must be held 
at V\_ during interrogation. 


The identifier information for 
27HC641 is as follows: 


When Ao = Vit 

data is “Manufacturer” 15pHex) 
When Apo = Vi 

data is “Product” 21 HE, 


Signetics 


PROGRAMMING INFORMATION 
Complete programming system specifications 
for the Programming Algorithm are available 
upon request form Signetics Memory Market- 
ing. 


Signetics encourages the purchase of pro- 
gramming equipment from a manufacturer who 
has a full line of programming products to offer. 
Signetics also encourages the manufacturers 
of PROM programming equipment to submit 
their equipment for verification of electrical pa- 
rameters and programming procedures. Infor- 
mation on manufacturers offering equipment 
certified by Signetics is available upon request 
from Signetics Memory Marketing. 


SIGNETICS DISCOURAGES THE 
CONSTRUCTION AND USE OF 
“HOMEMADE” PROGRAMMING 
EQUIPMENT 


In order to consistently achieve excellent pro- 
gramming yields, periodic calibration of the pro- 
gramming equipment is required. Consult the 
equipment manufacturer for the recommended 
calibration interval. Signetics warranty for pro- 
grammability extends only to product that has 
been programmed on certified equipment that 
has been serviced to the manufacturer’s re- 
commendations. 


Signetics Military CMOS Memory Products Product Specification 


64K—Bit CMOS PROM (8Kxs8) 27HC641 


AC VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


NEGATIVE 
PULSE 


ADDRESS tron (t,) 
Se (ty) 


POSITIVE 
PULSE 


INPUT PULSE CHARACTERISTICS 


M 
tev | twne | soom | stos | cine 
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signeftics 


Military Products 


Section 6 
Standard Products 


PLHS18P8A 
PLHS473 

PLHS501 

PLS159A 

PLS167 

PLS168 

PLS173 

PLS179 
PLUS16L8/PLUS16R8 
PLUS20L8/PLUS20R8 
PLUS405 
82S100/82S101 
82S105(PLS105) 
82S153A(PLS153A) 


INDEX 
Programmable AND Array Logic (18X72xX8) ............ 641 
Field-Programmable Logic Array (20X24X11) ........... 646 


Programmable Macro Logic Random Logic Unit (32X72x24) 652 


Field-Programmable Logic Sequencer (16X45xX12) ....... 658 
Field-Programmable Logic Sequencer (14X48xX6) ........ 668 
Field-Programmable Logic Sequencer (12X48xX8) ........ 679 
Field-Programmable Logic Array (22X42x10) ........... 689 
Field-Programmable Logic Sequencer (20X45xX12) ....... 697 
PAL®-type Devices 0... 0... c ccc ccceeeeceueeeueee. 708 
PAL®-Type Devices .... 0... 0 ccc ceeceeeuceeeeeeees 718 
Field-Programmable Logic Sequencer (16X64x8) ........ 728 
Field-Programmable Logic Array (t6X48X8) ............ 743 
Field-Programmable Logic Sequencer (16X48xX8) ........ 749 
Field-Programmable Logic Array (18X42X10) ........... 759 


Signetics 


Military 
Standard Products 


DESCRIPTION 

The PLHS18P8A is a two-level logic ele- 
ment consisting of 72 AND gates and 8OR 
gates with fusible connections for pro- 
gramming I/O polarity and direction. 


All AND gates are linked to 10 inputs (I) 
and 8 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 8 
directional control gates, ranging from 18 
inputs to 8 outputs. 


On-chip T/C buffers couple either True 
(I, B) or Complement (I, B) input polarities 
to all AND gates. The 72 AND gates are 
separated into 8 groups of 9 each. Each 
group of 9 is associated with one bidirec- 
tional pin. In each group, eight of the AND 
terms are ORed together, while the ninthis 
used to establish I/O direction. All outputs 
are individually programmable via an 
EX-OR gate to allow implementation of 
AND/OR or NAND/NOR logic functions. 


In the virgin state, the AND array fuses are 
back-to-back CB-EB diode pairs which will 
act as open connections. 


Current is avalanched across individual 
diode pairs during fusing, which essential- 
ly short circuits the EB diode and provides 
the connection for the associated product 
term. 


The PLHS18P8A is field-programmable, 
allowing the user to quickly generate cus- 
tom pattern using standard programming 
equipment. 
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PLHS18P8A 


Programmable AND Array Logic 


(18x72x8) 


Product Specification 


FEATURES 


e 100% functionally compatible with 
AmPAL18P8A 


e Field Programmable 

e 10 Inputs 

e 8 bidirectional I/O lines 

e 72 AND gates/product terms — 


configured into eight groups of nine 


e Programmable output polarity 
(3-State output) 


e I/O propagation delay: 30ns (max) 


e Power dissipation: 750mW 
(nominal) 


e TTL compatible 
e Verify Lock Fuse 


e On-chip test features for extensive 
AC and DC parametric testing 


APPLICATIONS 


e 100% functional replacement for all 
20-pin combinatorial PALs 


e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e Multiplexing 
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PIN CONFIGURATION 


For LLCC Pin Assignments 
see Jedec Standard 21A 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


20—Pin Ceramic DIP PLHS18P8A/BRA 


300mil-wide 


20-Pin Ceramic LLCC | PLHS18P8A/B2A 


20—Pin Ceramic 
Flat Pack PLHS18P8A/BSA 


853-1199 F01798 


Signetics Military Standard Products Product Specification 


Programmable AND Array Logic (18x72x8) PLHS18P8A 


ABSOLUTE MAXIMUM RATINGS! 
| Min | Max 


[Voc [Suppyvotage TN 
Yo 


CR Co BS TS 
Tvourena [Output votage range (ropramming) Sid 
In [inputcurentrange SS SSCSC~C“—~s—‘“‘~‘s~s*~—s~iC Ys «Ym 
lo [Outputcurentrangs——SSSSSCSCSC~—~“—~S~“~s~SCS 
ipa 


Voc 
VI 
Vo 


RECOMMENDED OPERATING CONDITIONS 


Tain] Nom [Max 


Vex _[Suppyvotage——SOSC~—“~S*~“‘—*S*S*S*S*~‘“~‘S*~*“‘“‘~‘“~*~*‘“‘~*~*~*r AS «=P sto ss | 
Nin _[Hightovelinptvotage®@ ———=S=SC~=~“‘~*S*~*“‘“~*S*~=‘“‘~sC:*dSSC“C‘SSC‘iS SV 
In _[Lowtevelinputvotage® ——SSCS~—~—“—~S*~“‘“S*s“‘“~=s‘“<~«~*‘“RSCSC“‘“g CW 
lc [Inputclampcurent. SSCS te | 
lon _[Hightoveloutpatcuret’ SSCS em 
[gn _[Lowteveloutputcurent SSCS] mk 
Ta Operating foo-sk emporauro range SSCS rs | es | 


DC ELECTRICAL CHARACTERISTICS -55°C < Ty < +125°C, 4.5V< Voc < 5.5V 


Voc = max, V) = +0.40V 
Voc = max, V; = +2.7V 
Voc = max, V; = +5.5V 


Voc =min lou 2.0mA, VIN = Vin or Vit 


Cin Voc = +5V, V; = 2.0V 
1/O capacitance® Voc = +5V, Vo = 2.0V 
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Signetics Military Standard Products Product Specification 


Programmable AND Array Logic (18x72x8) PLHS18P8A 


AC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc $ 5.5V R1 = 200Q, R2 = 3900 


SYMBOL PARAMETER al iad TEST CONDITIONS LIMITS 


| Min | Typ? | Max _| 
Propagation delay Output + C, = 50pF — 
Output aisable Output + O, = 50pF 2] 


NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the 
device is not implied. 

2. Typical limits are at Voc = 5.0V and Ta = +25°C. 

3. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. Testing these values 
requires special equipment. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vo = 0.5V has been 
chosen to avoid test problems caused by tester ground degradation. 

5. These parameters are not tested. 

6. Icc is measured with all inputs grounded. 

7. On unprogrammed devices, Pins 8 & 9 = 10V. On programmed device, Pin 4 = 0.4V. 

8. Vi_ and Vjy only tested on a programmed device. 

9. Pin 11 = 10V for testing unprogrammed device. 

10. Pin 11 = OV for testing unprogrammed device. 

11. tpp is tested with switch S; closed and C, = 50pF. 

12. For Tri-state output; output enable times are tested with C, = 50pF to the 1.5 V level, and S; is open of highimpedance to High tests and 
closed for high-impedance to Low tests. High-to—High impedance tests are made to an output voltage of Voy = —0.5V with S; open, and 
Low-to—High impedance tests are made to the Voc, = +0.5V level with S,; closed. 


VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all fus- SYMBOL PARAMETER 


ible links open, such that: - 
Input to output propagation 
alll emnenanalll 


Input to output disable (3— 
State) delay (Output Disable). 


Input to Output Enable delay 
(Output Enable). 


1. All outputs are at ”H” polarity. 
2. All outputs are enabled. 
3. All p—terms are enabled. 


TIMING DIAGRAM 


INPUTS, I/O 


TON \\\\y 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


TA TA TA TA A 
395985959555555555 DON'T CARE; CHANGING; 
MUST BE WILL BE 3$6$656565656569 ANY CHANGE STATE 
STEADY STEEADY seocecechsbatets PERMITTED UNKNOWN 


CENTER 
LUNE IS HIGH 
IMPEDANCE 
“OFF” STATE 
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Signetics Military Standard Products Product Specification 


Programmable AND Array Logic (18x72x8) PLHS18P8A 


FPLA LOGIC DIAGRAM 


0 INPUTS (0-35) 
et 
m FASC ESE AGG ENG Te ONE Ce NEL ee RoE 


17 
CRATER eS 


‘Bliial jaiiiaiiialisilisiiiniisii: 


SUC In nt 


= 


= 
v 
= 
” 
= 
c 
WwW 
- 
- 
2 
te) 
c 
a 


SiMiimiiimiiimuimiinitinll 
on 
35 


LDO02621S 


NOTES: 
1. All unprogrammed or virgin ''AND'' gate locations are pulled to logic ''1"’. 
2; Programmable connections. 
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Signetics Military Standard Products Product Specification 


Programmable AND Array Logic (18x72xé8) PLHS18P8A 
TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


TTHL(tp) 


tTLHItr) 


tw 


CL (INCLUDES SCOPE 
AND JIG 
CAPACITANCE) 


Input Pulse Definitions 


INPUT PULSE CHARACTERISTICS 
Pe With 
Tiwi | soe | sine | in 
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Signetics 
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DESCRIPTION 

The PLHS473 is a two level logic device 
consisting of 24 AND gates and 22 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 
The Signetics state-of-the-art Oxide-lso- 
lated Bipolar process is used to produce 
performance not yet achieved in devices 
of this complexity. 


All AND gates are linked to 11 input pins, 
9 bidirectional I/O pins, and 2 dedicated 
output pins. The bidirectional pins are 
controlled via the OR array. Using these 
features, the PLHS473 can be configured 
with up to 20 inputs and as many as 11 out- 
puts. 


The AND array input buffers provide both 
the True and Complement of the inputs 
(lx) and the bidirectional signals (By) as 
programmable connections to the AND 
gates. All 24 AND gates can then be op- 
tionally linked to all 22 OR gates (a fea- 
ture known as Product Term sharing not 
found in PALs® or most macrocell archi- 
tectures). The OR array drives 11 output 
buffers which can be programmed as Ac- 
tive-High for AND-OR functions or Ac- 


PIN CONFIGURATION 


CD05294S 


PLHS473 


Field—Programmable Logic Array 


(20x24x11) 


Signetics Programmable Logic 


Product Specification 


tive-Low for AND-NOR functions. In 
addition, the I/O configuration of each bidi- 
rectional pin is individually controlled by a 
sum-of-products (AND-OR) _ function 
which may also contain any of the 24 AND 
gate outputs. This allows dynamic I/O 
configuration of all 9 bidirectional pins. 


The PLHS473 contains two new features 
of significance. A code verification lock 
has been incorporated to improve user se- 
curity. The addition of three test columns 
and one test row enables the user to test 
the device in an unprogrammed state. 


The PLHS473 is field programmable 
using Vertical Avalanche Migration 
Programmed (VAMP™) fuses to program 
the cells. This enables the generation of 
custom logic patterns using standard pro- 
gramming equipment.. 


Order codes for this device are contained 
in the pages following. 


FEATURES 
© Field-Programmable 


® 11 dedicated inputs 
® 2 dedicated outputs 


FUNCTIONAL DIAGRAM 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 


September 19, 1988 


646 


® 9 bidirectional I/O lines 

© 24 product terms 

@ 22 OR gates 

e I/O direction decoded in OR array 

©@ Output Enable decoded in OR array 
e 1/0 propagation delay: 20ns (max) 
@ Input loading: -100,1A (max) 

© Power dissipation: 700mW (typ) 

© Security fuse 

© Testable in unprogrammed state 


® Programmable as 3-state or 
Open-Collector outputs 


© TTL compatible 


APPLICATIONS 
® Random logic 


© Code converters 

@ Fault detectors 

® Function generators 
e Address mapping 

© Multiplexing 


L002645S 


853-1102 F02354 
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Field—Programmable Logic Array (20x24x11) PLHS473 


FPLA LOGIC DIAGRAM 
o——_————— (LOGIC TERMS-P) 


| 
23 © © © © e © 1§ %We3ee ee ee e« 8 7e«e e© e© e @« Q 
LD02630S 
NOTES: 


1. All unprogrammed or virgin ""AND'' gate locations are pulled to logic " a 
2. All spo ete hela or el ae gate locations are pulled to logic ''0"' 
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Field—Programmable Logic Array (20x24x11) PLHS473 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
24—pin Ceramic DIP 300mil—wide PLHS473/BLA 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


| Min | 

Wes Someyvetags SSCS 

in mputvetage Yo 
vor | Ouputvotages 
SO 
a 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


[voc | Suppywotage SCSC“‘“CSS™SC#C#C‘C(‘(L'‘SCWS=C* 
[vn | Highlovetinputwotiage SS SSCSC*;C 
[vu [Towlevelinpatvohage SS SCSC~—~‘iSCSC* 
fix | Mputdampeurent SCSC~—“—*~S*~s*ssC—C—Cs—s‘iSC“‘(” SC«dT CTA 
[ton | Highlevelouiputcurent SCSC~“‘“CSC™S*C*dSCOC‘i*” 
a 
a 


RATING UNIT 


Low level output current 


Operating free—air temperature range 


DC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TEST CONDITIONS LIMITS 


Input clamp voltage*4 Voc = Min, lin = lik 


Voc = Min, Vit = Max, Vin = Min 
Output Low voltage? lo. = Max 
Output High voltage? lon = Min 


IK 
OL 
OH 
Ne 
IH 
loc 
B 


Voc = Max 
Input Low current Vin = 0.45V 


c 
= 


Input High current Vin = 5.5V 


V 
V 
V, 
| 
Flos Output short circuit*®” Voc = Max, Voyt = OV 


Input capacitance"! 
I/O capacitance" 


= 


lin 
C 


_ 
4] 


September 19, 1988 648 


Signetics Military Application Specific Products Product Specification 


Field—Programmable Logic Array (20x24x11) PLHS473 


AC ELECTRICAL CHARACTERISTICS -55°C < Ty < +125°C, 4.5V < Voc < 5.5V 


LIMITS 
SYMBOL PARAMETER TO TEST CONDITIONS 


[Min | Typ | Max_| 
Sipe | ee fe | 
La 
ae ee 


Te 


1. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other condition above those indicated in the operational and programming specification of 
the device is not implied. 

All typical values are at Vcc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Pins 1 — 5 = OV, Pins 6, 8 = 4.5V, and Pins 7, 9 — 11 = 10V. 

Same conditions as Note 5, except Pin 9 = 4.5V. 


Duration of short circuit should not exceed 1 second. 
Icc is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State. 
Measured at Vy = Vo, + 0.5V, and with C, = 30pF. 


10. Leakage values are a combination of input and output leakage. 

11. Guaranteed, but not tested. 

12. These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. Testing of these 
values requires special equipment. 


SeN Oa fo 


TIMING DIAGRAM TIMING DEFINITIONS 


SYMBOL PARAMETER 


tpp Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 


WF05412S 


2.7V 


NEGATIVE 
PULSE 


tTHLIth) 


tTLH(tr) 


POSITIVE 
PULSE 


0.3V 
tw ov 


WF 14010S 


(C, INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


Input Pulse Definitions 


NOTE: 


INPUT PULSE CHARACTERISTICS R, - 4700,R, 1k, C, — 50pF 
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PLHS473 


LOGIC PROGRAMMING 


The FPLA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR/EX-OR 
gate input connections necessary to implement 
the desired logic function are coded directly 
from logic equations using the Program Table 
on the following page. 


In this table, the logic state of variables |, P and 
B, associated with each SumTerm S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links, defined 
as follows: 


OUTPUT POLARITY -— (0, B) 


ie 


ACTIVE LEVEL CODE 


Low's L 
(INVERTING) 


“AND” ARRAY - (I, B) 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=AeBeCeDe... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY = L 
Z=P0+Pi+P2+... 


Z=P0ePieP2e... 


NOTES: 


1. For each of the 11 outputs, either function Z (Active— 
High) or Z (Active—Low) is avialable, but not both. The 
desired output polarity is programmed via the Ex-OR 
gates. 

. Z,A,B,C, etc., are user defined connections to fixed 
inputs (1), fixed output pins (0) and bidirectional pins 
(B). 


TC02574S 


ACTIVE LEVEL | CODE | 
HIGH 
(NON-INVERTING) 


— SSS 


DON'T CARE13 - 


TC02603S 


“OR” ARRAY -— (O, B) 


P,, STATUS CODE | 
INACTIVES | ®@ 


TC02583S 


NOTES: 


STATE 
'  INACTIVE'S O 
a eS ee | 


CODE | 


TCO02634S 


P, STATUS CODE 
A 


TC02591S 


13. This is the initial unprogrammed state of all links. 
14. Any gate P,, will unconditionally inhibited if the true and complement of either input (I or B) 


are both programmed for a connection. 
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TC02610S Te026208 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links open, such that: 
1. All outputs at “L” polarity. 
2. All P, terms are enabled. (Don’t Care). 
3. All P, terms are inactive on all outputs. 
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FPLA PROGRAM TABLE 


POLARITY 


pe 
[21 | 20] 17] 16] 15 | v4] 19 | 


OR 


ra SECC 


AND 


{ 
a 


Don't Care (-) in the virgin state. 
3. All P-terms are inactive on all outputs (B, O) in the 


virgin array. 
4. Unused product terms can be left blank. 


1. The FPLA is shipped with all links open. 
2. Unused | and B bits in the AND array exist as 


INACTIVE 
DON'T CARE |— 
Notes 


CF (XXXX) 


rucs 4 
JISVINVA 


TBO01980S 


CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # 
CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 
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DESCRIPTION 

The PLHS501 is a member of the 
Signetics Programmable Macro Logic 
family. PML is unique in its capability of 
performing other than two level logic func- 
tions without incurring I/O buffer delays. 
This allows the logic or system designer to 
imbed logical operations or macro struc- 
tures within the framework of the I/O pins. 
Since the imbedded functions are inde- 
pendent of the delays created by the I/O 
buffers, they can be performed at speeds 
lesser architectures cannot reproduce. 


The technique used to perform this opera- 
tion is a NAND foldback network which 
allows the direct interconnection of any 
number of logic nodes within the single 
fuse matrix. Macros can be formed and 
then interconnected to the I/O structure. In 
addition, single-level and multi-level logic 
can be performed at speeds which reflect 
only the logic path utilized. Therefore, a 
single-level logic function has a very short 
path through the device. Additional levels 
incur only one NAND foldback delay per 
level. This delay is less than the combined 
delay created by previous generations of 
devices which stipulate that the logic sig- 
nal must pass through I/O buffers after 
one or two levels of logic are performed. 


The PLHS501 is fabricated with Signetics 
ZA Oxide-lsolated Bipolar Process. ZA 
utilizes Vertical Avalanche Migration Pro- 
grammed (VAMP) fuses as programming 
elements. These fuses provide high pro- 
gramming yield and reliability. Proprietary 
onboard test circuitry allows the PLHS501 
to be thoroughly tested prior to program- 
ming. 
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PLHS501 


Programmable Macro Logic 
Random Logic Unit (32x72x24) 


Product Specification 


FEATURES 


® Signetics NAND foldback architec- 
ture 


® Field-Programmable 
® 24 dedicated inputs 


© Fixed and programmable output 
buffers 


- 81/O buffers 
— 8 EX-OR buffers 
— 4 active-Low buffers 
— 4 active-High buffers 
@ 72 Internal NAND foldback terms 


® Supported by AMAZE Development 
System 


® Testable in unprogrammed state 
® Verify Lock Fuse 

© TTL compatible 

© Power dissipation: 1.25W (typ) 


® Logic delay times 
— Single-level = 35ns (max) 
— Two-level = 45ns (max) 
— Internal NAND delay = 10ns (max) 


ARCHITECTURE 
® 24 dedicated Inputs: k - Ip, 


® 4 active-High |/Os with individual 
enable: B, - B, 


® 4 active-Low I/Os with individual 
fused enable: B, - B; 


® 2 active-High output pairs; each 
pair with common enable: O, - O, 


© 2 active-Low output pairs; each pair 
with common enable: 0, - 0, 


© 4 Ex-OR output pairs; each pair 
with common enable: Xp - X;7 


@ 72 Internal NAND foldback terms 
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PIN CONFIGURATION 
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Random Logic Unit (32x72x24) 


PLHS501 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
64—Pin Ceramic DIP PLHS501/BXA 


ABSOLUTE MAXIMUM RATINGS! 


Tiron enge 
Te 7A 


Current range applied to output in Low output state P1000 
Operating temperature range —55 to +125 


Storage temperature range -65 to +150 


FUNCTIONAL DIAGRAM 


7 


=< > a a al al AS NO en NN OE” 
pot ee et ee 
»CHe_f ft 
ek A aR He a A 

oe od 


L_J Xo» Xa Xqs Xo 
(x4) 


LJ} X41» Xap Xs» X7 


|} Oo, O2 
(x2) 
J 0,, 0; 


T} 94, Og 
B Os, 0, 


LD06733S 
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LOGIC DIAGRAM (Compressed) 


0 she 
ak cS Ca So 
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LH 1 
Random Logic Unit (32x72x24) PLHS50 


DC ELECTRICAL CHARACTERISTICS -55°C < Tg < +125°C, 4.5V < Voc < 5.5V 


| Min | Typ? | Max _ 
Input Voltage? 
Vit Voc = Min 0.8 V 


Vin i Vec = Max V 
Vic : Voc = Min, lin =—18mA ; -1.2 V 
Output voltage 


High?® 


lit Low 
hy High 


Output current 


Hi-Z state’ 


lo(orFF) 


Short circuit*.®.’ 
a oT a ca a Ae a 


Capacitance 


AC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc < 5.5V, Ry = 470Q, Ro = 1KQ 


SYMBOL PARAMETER TEST CONDITIONS 
PTO | FROM 


Output + C, = 50pF 
Output + 

Output + 

Output + 

Output + 

Output + 

| internal 
Output — Input + 
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Programmable Macro Logic PLHS501 
Random Logic Unit (32x72x24) 


NOTES: 

1. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the 
device is not implied. 

All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 


For Pins 18-22, 26-32 and 45-47, 49, Vo, is measured with Pins 5 and 50 = 9.5V, Pin 52 = OV and Pins 51 and 53 = 4.5V. For Pins 34—39 and 
43-44, Vo, is measured under same conditions EXCEPT Pin 53 = OV. 

Von is measured with Pins 5 and 50 = 9.5V, Pins 51 and 52 = 4.5V and Pin 53 = OV. 

Duration of short circuit should not exceed 1 second. 


loc is measured with all dedicated inputs at OV and bidirectional and output pins open. 
. Measured at Vr = Vo, + 0.5V, Voy — 0.5V. 


10. Leakage values are a combination of input and output leakage. 
11. Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs. 
12. Only tested on a programmed device if applicable. 


ONNHD ARWH 


TEST LOAD CIRCUITS : TIMING DEFINITIONS 


SYMBOL PARAMETER 

tep1 Input to Output delay, one pass, 
through X outputs 
Input to Output delay, one pass, 
through B outputs 


INCLUDES SCOPE 
ND JIG 
CAPACITANCE 


Input to Output delay, one pass, 
through O, 0 and B outputs 


Input to Output delay, two 
passes, through X outputs 
Input to Output delay, two 
passes, through B outputs 


Input to Output delay, two 
passes, through O, 0 and B 
outputs 


tppe 


Delay between output change 
and when output is off (Hi-Z 
or High) 


Vou 


Delay between input change 
and when the output reflects 
specified output level 


WF05411S 


tpp2 

tpps 

tpp4 

tpps 

Feedback delay per internal 
NAND function performed 

-_ 


VIRGIN STATE 
A factory shipped virgin device contains all fusible links open, such that: 
. All product terms are enabled. 
. All bidirectional (B) pins are outputs. 
. All outputs are enabled. 
. All outputs are active-High except 
Bo — Bs (fusible 1/0) and 04 — 07 which are active—Low. 


&WNDM— 
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VOLTAGE WAVEFORMS 


NEGATIVE 


free : : INPUT PULSE CHARACTERISTICS 
THe (4) oy 


POSITIVE 
PULSE 
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DESCRIPTION 

The PLS159A is a 3-State output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a “foldback” inverting 
buffer and control gate Fe. It features 8 re- 
gistered I/O outputs (F) inconjunction with 
4 bidirectional I/O lines (B). There are 8 
dedicated inputs. These yield variable I/O 
gate and register configurations via con- 
trol gates (D, L) ranging from 16 inputs to 
12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 21 
OR gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 4 bidi- 
rectional I/O lines (B), internal flip-flop out- 
puts (Q), and Complement Array output 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 
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PLS159A 


Field-Programmable Logic Sequencer 


(16x45x12) 


Product Specification 


FEATURES 
@ High-speed version of PLS159 


® Field-programmable (Ni-Cr link) 
© Fax = 16MHz 

® 4 dedicated inputs 

® 13 control gates 

® 32 AND gates 

@ 21 OR gates 


® 45 product terms: 
— 32 logic terms 
— 13 control terms 


@ 4 bidirectional I/O lines 
© 8 bidirectional registers 
@ J-K, T, or D-type flip-flops 


© Power-on reset feature on all 
flip-flops (F,, = 1) 


® Asynchronous Preset/Reset 


© Complement Array 


(CONTROL TERMS) 


AF01882S 
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© Active-High or -Low outputs 

© Programmable OE control 

© Positive edge triggered clock 

@ Input loading: -100,1A (max) 

® Power dissipation: 750mW (typ) 
© TTL Compatible 

@ 3-State outputs 


APPLICATIONS 
Random sequential logic 


@Synchronous Up/Down counters 
eShift Registers 

®Bidirectional data buffers 
Timing function generators 
System controllers/synchronizers 


©Priority encoder/registers 


PIN CONFIGURATION 


CD03352S 
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PLS159A 


ORDERING INFORMATION 


PACKAGE ORDER CODE 
24-Pin Ceramic Dip 300mil—wide PLS159A/BRA 


On-chip T/C buffers couple either True (|, B, Q) 
or complement (I, B, Q, ©) input polarities to all 
AND gates, whose outputs can be optionally 
linked to allOR gates.One group of AND gates 
drives bidirectional I/O lines (B), whose output 
polarity is individually programmable through a 
setof EX—OR gates for implementing AND—OR 
or AND-NOR logic functions. Another group 
drives the J—K inputs of all flip-flops, as well as 
asynchronous Preset and Reset lines (P, R). 


All flip-flops are positive edge—triggered and 
can be used as input, output or I/O (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 
(B), (Q) and programmable output select lines 
(E). 

The PLS159A is field—programmable, enabling 


the user to quickly generate custom patterns 
using standard programming equipment. 


VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D—-mode unless other- 
wise programmed to J—K only or J—K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


July 15, 1988 


CAUTION: PLS159A 
PROGRAMMING ALGORITHM 

The programming voltage required to program 
the PLS159A is higher (17.5V) than that re- 
quired to program the PLS159 (14.5V). Conse- 
quently, the PLS159 programming algorithm 
will not program the PLS159A. Please exercise 
caution when accessing programmer device 
codes to ensure that the correct algorithm is 
used. 


LOGIC FUNCTION 


Q3 Q2 Q1 Q0 


[+ Tops [o] (se) one 


STATE REGISTER AeB 


PoTeLee] Ge) nexrstr 


SET Qo: Jo= (Q3*°Q,*Q,°Q,)eAe BPC... 


SENT STATE 
BeCe 


Ky=0 


RESET Q,: J, =0 _ ee 
K,- (Q3*® Q,°Q,¢Q,)*A*eBeC... 


HOLD Q,: J, =0 
K,=0 
TOGGLE Q3' Jg=(Q3° Q,°0,°Q,) eA BOC... 


K3=(Q3*° Q,°Q,°Q,)eAeBeC... 


NOTE: 
Similar logic functions are applicable for D and T 
mode flip-flops. 
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FLIP-FLOP TRUTH TABLE 


. Positive Logic: 
J-K=To+1T,+To+.. + 194 


Th = CT ®@ (lne@lyelo...) © (QoeQ}...) © 


(Boe B}...) 

, denotes transition for Low to High level. 

. X=Don'tcare 

. * = Forced at Fp, pin for loading J—K flip—flop in 
/O mode. L must be enabled, and other active 
TR disabled via steering input(s) |, B, or Q. 

. AtP=R=H,Q =H. The final state of Q depends 
on which is released first. 
** = Forced at Fr, pin to load J/K flip-flop inde- 
pendent of program code (Diagnostic mode). 
3-State B outputs. 
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FPLS LOGIC DIAGRAM 


L3H 


@ seen ee 
Ip [4 Cee 
Looe ee Sse eee esas Se ee ee . 
Is [5] Ce 
Fo ee eH Ss MA 1 a | 


F, 
F, 
Fy 
Fa 
Fs 
Fe 
F, 
By 
B, 
B, 


eee 
pp pry Keen Ga ee Berea x 
| at 
Sh Hr ” SONG 
ss aa YV UUUYOdUYSTdY 
Aittthamuinnahiaiiti ou ts [bs 
SLT AMTIABHILIN on Banana a 


ene : 


| TTL ETE TTT CEL 7 cet : ; 


19} 
HEHEHE = ese 


: 3 
HES eet —— 


PT 9 ka 7 F, 
iii 
HES ae hr oc ee 
ET 5 
Hse 
a. 
In hrs see TT 


TTT =i nae 
TT 2. 


CK o—q—_f] CK 


L001681S 


1. All OR gate inputs with a blown link float to logic ''0"’. 

2. All other gates and control inputs with a blown link float to logic ''1". 
3. ‘8 denotes WIRE-OR. 

4. Programmable connection. 
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Field-Programmable Logic Sequencer (16x45x12) PLS159A 


ABSOLUTE MAXIMUM RATINGS! 


Tx mpiteamp coment 


Low level output current 


Operation free—air temperature range 
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AC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc < 5.5V 


co [Coane eer eT 
ioe | Oeekw——SOSOSCS~ RY Ye Le 
= 

= 

Input (through Complement Array)'2:14 CK+ , B)+ | 55 | 45 | | ons | 


(|, B)+ C, = 50pF 
ee 


ee | ee 
Propagation Delay 


tcKo Clock 


4 a 
an — 
i = 
nO 
J a 
— a 
a a 
— — 


Hold Time 


+ 
© 
i 
oS 
nN 


CK+ C, = 50pF 


tore Output enable'4 (|, B)+ C, = 50pF 
Output disable"!.14.15 }- C. = 5pF 
= (Be | O.=S06F 


= voor | _0.= S09 
NOTES: 


1. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 

All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Vj applied to OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

Leakage values are a combination of input and output leakage. 

These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. Testing of these 
values requires special equipment. 


10. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 
11. Measured at Vr = Vo, + 0.5V. 
12. When using the Complement Array Tcxp = 75ns (min). 


13. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
14. Not tested on an unprogrammed device. 
15. Guaranteed, but not tested. 


w 
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TIMING DIAGRAMS 


1B 


_— —_ | tis) _e 


= 53" CKn a oe 


wa t cK Pp ——————_—> 


F 
(OUTPUTS) 


Flip-Flop Outputs 


1B 
(INPUTS) 


8 
(OUTPUTS) 


1B 
(OUTPUT ENABLE) 


Gate Outputs 


F 
(OUTPUTS) 


, B 
(INPUTS) 


Power-On Reset 
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OV 


WF05483S 


WF06872S 


TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse when 
High. 


Width of input clock pulse when 
Low. 

Clock period. 

Width of preset input pulse. 


Required delay between begin- 
1S1 


ning of valid input and positive 
transition of clock. 


OD 


1 
1 
2 


Required delay between begin- 
ning of valid input forced at flip— 
flop output pins and positive 
transition of clock. 


Required delay between posi- 
tive transition of clock and end 
of valid input data. 


Required delay between posi- 
tive transition of clock and end 
of valid input data forced at 
flip—flop output pins.. 


Delay between positive trans- 
ition of clock and when outputs 
become valid (with OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off—State. 


Delay between Vcc (after pow- 
er—on) and when flip—flop out- 
puts become preset at “1” (inter- 
nal Q outputs at “O”). 


Propagation delay between 
combinational inputs and out- 
puts. 


Delay between predefined Out- 
put Enable High, and when 
combinational outputs become 
valid. 


Delay between predefined Out- 
put Enable Low and when com- 
binational outputs are in the 
OFF-State. 


Delay between positive trans- 
ition of predefined Preset/Re- 
set input and when flip-flop 
outputs become valid. 
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TIMING DIAGRAMS (Continued) 


1,8 
(INPUTS) 


Tis TCKO 


PRESET/ RESET 


(1, 8 INPUTS) 


(PRESET) 
\ (RESET) 


Q 


~~ ee Se VOH 
F (RESET) ‘ 
(OUTPUTS) (PRESET) 


= on ow om ww om ow ee oe es es es ee a * wear aw a= a= VOL 


1.5V 


WF17070S 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tis; cannot 
be guaranteed by the user. 
Asynchronous Preset/Reset 


1,8 
(LOAD SELECT) 


+3V VOH 
(INPUTS) (FORCED Dyn) 


OV VOL 


tis2 tin2 


tCKH 


XX QE 


Flip-Flop Input Mode 


WF05501S 
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The FPLS can be programmed by means of _ the desired logic function are coded directly In these Tables, the logic state or action of all 


Logic Programming equipment. from the State Diagram using the Program  |/O, control and state variables are assigned a 
: : _cy__ Tables on the following pages. symbol which results in the proper fusing pat- 
YUEN LOGE: Fregrainaniiigy We AN DOM-ke tern of corresponding links defined as follows: 


OR input connections necessary to implement 


“AND” ARRAY - (1), (B), (Qp) 


(T, FG, L, P, R, D)n, (T, Fo, L, P, R, D), (T, Fo, & P, R, D)p (T, Fe, L, P, R, D)y, 


state__| CODE state | CODE STATE CODE 
INACTIVE’® 17 | O DON'T CARE 


LS02033S LS02040S LS02050S LS02060S 


“OR” ARRAY — (Qn = J-K TYPE) 


Ene | re — 
ACTION CODE | ACTION CODE | ACTION CODE ACTION CODE 
— —_ = 

H RESET L fe) 


LS02170S LS02180S LS02190S LS02200S 


“OR” ARRAY — (MODE) 


| > ; 
ENABLED 4 b 
cD 
ay, -, K 


ACTION CODE ACTION CODE Tp STATUS | CODE | Tp STATUS CODE 
J-K OR D 
(CONTROLLED)? A J-K ONLY ACTIVE (Set)'® A INACTIVE (Reset) |e | 


8021328 LS02141S LS02152S LS02160S 


CAUTION: 
The PLS159A Programming Algorithm is different from the PLS159. 
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“OR” ARRAY - (S or B) “COMPLEMENT” ARRAY —- MODE 


foto |e ee 


(Dp. Ly. Pr. Rn) (Dp, Ln. Pr Rn) 
INACTIVE A ACTION CODE ACTION CODE 


“COMPLEMENT” ARRAY - (C) 


" Cc 
Cc c 
(Th, Fo) ’ (Th, Fo) (Th, Fo) 


ACTION CODE [ ACTION ACTION CODE ACTION CODE 
INACTIVE'® 18 20 GENERATE? | A PROPAGATE TRANSPARENT 


LS02073S LS02082S LS02090S LS02100S 


“EX-OR” ARRAY - (B) 


POLARITY CODE POLARITY 
LOW HIGH 


LS02230S 
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“OE” ARRAY - (E ) 


E, 


ACTION | CODE | ACTION CODE ACTION CODE BeTION CODE 


LS02253S LS02260S LS02272S LS02280S 


NOTES: 

16. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
17. Any gate (T, Fo. L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs are left intact. 

18. To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates Tp, Fe. 

19.E, = O and E, = ® are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

20. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


NEGATIVE 
PULSE 


trun (t,) 
true (ty) 


POSITIVE 
PULSE 


(C, INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


R, = 4700, Rp = 1kO, C, = 50pF 


INPUT PULSE CHARACTERISTICS 
vu Pulse Wish | _tTLH 


io [me | te oe | oe 
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DESCRIPTION 

The PLS167 is a bipolar, programmable 
state machine of the Mealy type. The 
Field-Programmable Logic Sequencer 
(FPLS) contains logic AND-OR gate ar- 
rays with user programmable connections 
which control the inputs of on-chip state 
and output registers. These consist 
respectively of 8 Q,, and 4 Q; edge-trig- 
gered, clocked S/R flip-flops, with an 
asynchronous preset option. 


All flip-flops are unconditionally preset to 
“1” during power turn-on. 


The AND Array combines 14 external in- 
puts, Ip.43, with 8 internal inputs, Po.7, fed 
back from the State Register to form up to 
48 transition terms (AND terms). In addi- 
tion, Pp and P, of the internal state register 
are brought off-chip to allow extending the 
Output Register to 6 bits, if so desired. 


All transition terms can include True, 
False, or Don’t Care states of the control- 
ling variables, and are merged in the OR 
Array to issue next-state and next-output 
commands to their respective registers on 


PIN CONFIGURATION 
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PLS167 


Field-Programmable Logic Sequencer 


(14x48x6) 


Product Specification 


the Low to High transition of the Clock 
pulse. 


Both True and Complement transition 
terms can be generated by optional use of 
the internal variable (C) from the Comple- 
ment Array. Also, if desired, the Preset in- 
put can be converted to output-enable 
enable function, as an additional user pro- 
grammable option. 


APPLICATIONS 
® Interface protocols 


® Sequence detectors 
® Peripheral controllers 
® Timing generators 

® Sequential circuits 


® Security locking systems 


FEATURES 
@ Field-programmable (Ni-Cr link) 


© 14 True/Complement buffered 
inputs 


FUNCTIONAL DIAGRAM 


668 


© 48 programmable AND gates 

© 25 programmable OR gates 

© 8-bit State Register 

® 2-bit shared State/Output Register 
e 4-bit Output Register 

@ Transition Complement Array 


©® Programmable asynchronous 
preset/output enable 


® Positive edge-trigger clock 


© Power-on preset to logic “1” of all 
registers 


@ Automatic logic “HOLD” state via 
S/R flip-flops 


© On-chip Test Array 

© Power: 650mW (typ) 

e TTL compatible 

@ Tri-state outputs 

®@ Single +5V supply 

© 300mil wide 24-Pin DIP 


L001151S 
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ORDERING INFORMATION 


24—Pin Ceramic Dip 300mil—wide PLS167/BLA 


PIN DESCRIPTION 


oe SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the state and output registers. A Low—to—High transition on Active—High 
this line is necessary to update the contents of both registers. 


Logic Inputs: The 13 external inputs to the AND array used to program jump Active—High/Low 
conditions between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when | Active—High/Low 
exercised with standard TTL levels. When Ip is held at +10V, device outputs 

Fo_3 and Po - ; reflect the contents of state register bits Po _ 7 (see Diagnostic Output 

Mode diagram). The contents of flip—flops Pg_ ; and Fg_ 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active—High 
output register bits Qo_ 3 when enabled. When lp is held at +10V, Fo_ 3 = (Po-s). 


Logic/Diagnostic Outputs: Two register bits with shared function as least significant Active—High 
state register bits, or most significant output register bits. When lo is held at +10V, 


Po_1 =(P6_7). 


Preset or Output Enable Input: A user programmable function: Active—High (H) 


@ Preset: Provides an asynchronous preset to logic “1” of all state and output 
register bits. Preset overrides Clock, and when held High, clocking is inhibited 
and Po_; and Fo_3 are High. Normal clocking resumes with the first full clock 
pulse following a High-to—Low clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers. Active—Low (L) 
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LOGIC FUNCTION VIRGIN STATE 9. The device can be clocked via a Test 
A factory shipped virgin device contains all Array pre-programmed with a standard 
Typical State Transition: fusible links intact, such that: test pattern. 
6. PR/OE option is set to PR. Thus, all out- NOTE: The Test Array pattern must be 
a es i “q” initi deleted before incorporating a 
Pols [ol] Oy pnceenr state puts will be at “1”, as preset by initial ‘eld 
Ee power-up procedure. user program. This is accomp— 
ccarrniaes : 7. All transition terms are disabled (0). pkeanemimmepe = ae 
1 NEXT STATE 8. All S/R flip-flop inputs are disabled (0). ignetice slaknied prograrmning 


equipment. 
SET Qo: Sy = (Q2°Q,° Qo) eA BOC... 
Ry =0 


RESET Q,: S,=0 


R, = (Q,°Q,*Q))*AeBeC... 
HOLD Q,: S,=0 
R,=0 
TBO0900S 


TRUTH ae 2,3, 4,5, 6 
| OPTION, sd 


oa 
Positive Logic 
S/R = To +17, + To+.. eels 
Try = C(lp Ih le...) (Po P, .. 
Either Preset (Active—-High) or banc erase @ (Active—Low) are available, but not both. The desired function is a user programmable option. 


denotes transition from Low to High level. 
R = S = High is an illegal input condition. 


@ = H/U+10V. 
X = Don't Care (< 5.5V). 
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FPLS LOGIC DIAGRAM 


(LOGIC TERMS—T) ——______________—_———__8 


lo | 8 | 12GB SSE eRe ee Sees eee en eeske ee eSEeee ee ese ee 


\, 7 | oe GseComUSGEeasmnl cules 2cccesedaseaanecumcen ene 
Beer es eee eee eee eee ee ee eee Sees eee eae 

lo | 6 | ee es a eo aeeneee http ttt tp 
ee Sees aes 


SUEEeearHEHneEiE HE 


a5 


Sheri taeeiet ieee eEieniStE 


' 
n [9s mee SG 6G Ore ae a ecc 
he [18] Co sooommnnae a 
| PP PrP 
hg | 17 penertemrtaterteasfateretareets 
Po 
Py 


H 
aHucaigm age HR Ee 
SAAAEEAGUGLIAMATGAESAGGAGGEIGALORLOGIOTEGLED : At 


CK 


TBU1630S 


1. All AND gate inputs with a blown link float to a logic ''1". 
2. All OR gate inputs with a blown fuse float to logic "0". 
3. Programmable connection. 
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ABSOLUTE MAXIMUM RATINGS"! 


OO 
OL 
OC 
a 
Po 


<a 
[Ouipoteorents 
Storage temperature range —65 to +150 [. eo | 


Cin [Nom 
SS 
[vw | Highlevelinputwotage——SSCSCSC~“~SC~“s~*S~‘—‘“~*~*S*~‘“~sSS 
Tvu | towlovelinputvotage —SSOSCSCSCSCSCSC‘iSSCSCidS 
Tix | lputclampcurent ———SSSSCSCSCSC—~CSCSCSCSCSC“SsSCS~SsS~SsSS 
ton | Highlevelouputcurent ——SSSCSCSC~“CSC“‘“‘“~“‘“~“~“<~sSCSS 
Mion | Low level ouputourent SS 

[Ta | Operating reo-aromporanrerange SSS 


DC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TEST CONDITIONS" 2 


Input clamp voltage* Voc = 4.5V, Lh =I 
Voi 
VoH 


Low level Output Voltage® 
High level Output Voltage® 


Low Level Input current eo Min, V; = 0.45V 
Low (CK input) Level Input current = 0.45V, Voc = Min 
High level Input current = 5.5V, at Min 


OFF-State output’ 7 
Current High a LA 


OFF-State output?” 


a 


Input Capacitance'? 
Output Capacitance'° 
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AC ELECTRICAL CHARACTERISTICS -55°C « Ty < +125°C. 4.5V < Voc < 5.5V 


Pulse Width 

= OK a 
ca OK iain 
= oR Ed 


Cc Input+ 


Fa (S(O 
J he 2 ee ae 
a Ee Ae 

eo ee Te 


Power-on preset! Vect 


Preset!° Cc 


Hold Time 


Propagation Delay 
Cok oR a 


W/O C-array 
W/C—array'° 


1. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 

. All typical values are at Voc = SV, Ta = 26°C. 
. All voltage values are with respect to network ground terminal. 


2 

3 

4. Test one ata time. 

5. Measured with Vi applied to OE and a logic high stored, or with Viy applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and V\_ applied to PR/OE Output sink current is 
supplied through a resistor to Vcc. 

7. Measured with Vi applied to PR/OE. 


8. Duration of short circuit should not exceed 1 second. 
9. Icc is measured with the PR/OE input grounded, the outputs open. 


10. Guaranteed, but not tested. 

11. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 

12. Not testable on unprogrammed devices. 

13. These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. Testing of these 
values requires special equipment. 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 
Interval between clock pulses 


Clock period — when not using 
Complement Array. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Clock period — when using 
Complement Array. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement array (two passes 
necessary through the AND 


WF05352S 


Sequential Mode 


Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 

first reliable clock pulse. 


Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 


Required delay between 
positive transition of clock and 
end of valid input data. 


Asynchronous Preset 


Delay between positive 
transition of clock and when 
oa alg become valid (with 
PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Voc 


Tppr 


Fo9/Poy WW" 1.5V 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-State. 


Delay between positive 
transition of Preset and when 


CLK == Outputs become valid at “1”. 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Width of preset input pulse. 


Maximum clock frequency. 


Tis WF05402S 


Power-on Preset 


August 22, 1989 674 


Signetics Military Customer Specific Products Product Specification 


Field-Programmable Logic Sequencer (14x48x6) PLS167 


TIMING DIAGRAMS (Continued) 


INTERNAL ™ 
STATE REG. 


Vou 
1.5V (F, +1) 

OUTPUT 
PF Vou 


WF05381S 


Diagnostic Output Mode 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


2.7V 


NEGATIVE 
PULSE 


POSITIVE 
PULSE 


0.3V 
(INCLUDES SCOPE ov 
AND JIG WF14010S 
CAPACITANCE) 


T001580S INPUT PULSE DEFINITIONS 


TC01571S 
NOTE: 
Ry = 4702, Ro = 1k, C, = SOpF. INPUT PULSE CHARACTERISTICS 


Rep. Rate | Pulse Width! triy tTHL 
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PLS167 


LOGIC PROGRAMMING 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate in- 
put connections necessary to implement the 


PRESET/OE OPTION - (P/E) 


E=1 
(ALWAYS 


ENABLED) 


LS01814S 


OPTION CODE 


PROGRAMMING: 


desired logic function are coded directly from Transition Term Tp, is assigned a symbol which 


the State Diagram using a Program Table. 


In this table, the logic state or action of control 
variables C, |, P, N and F, associated with each 


P=0 


(PRESET 
DISABLED) 


The PLS167 has a power-up feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic high (H). When programming 
the device, it is important to realize this is the initial state of the device. You must provide a next 
state jump if you do not wish to use all highs (H) as the present state. 


“AND” ARRAY - (1), (P) 


STATE CODE 


LS01890S 


[state | Cove | 
[—wacrivers6 [0 | 
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state] cone | 
ee 


LS01860S 


LS01900S 


STATE 
RESET 


676 


LS01830S 


state [cone | 


results in the proper fusing pattern of corre- 
sponding link pairs, defined as follows: 


T 


n 
LS01840S 


"pont cane |_| 


LS01870S 
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“COMPLEMENT” ARRAY - (C) 


c c 
+ 
a T, n 
LS01930S LS01940S LS01910S LS01920S 


NOTES: 

14. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T,,. 

15. Any gate T,, will be unconditionally inhibited if any one of ites | or P link pairs are left intact. 

16. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 


flip—flop truth tables). 
17. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 


TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. 
The array consists of test transition terms 48 Co ) 


and 49, factory programmed as shown below. 


(1, + F,)/F, 


Testing is accomplished by clocking the FPLS (1 F,)/F, 


and applying the proper input sequence to 
lo.43 as shown in the test circuit timing dia- (ass) 
gram. (FFF, 


AF01821S 


State Diagram 


TC01592S 


FPLS Under Test 


____ornron ee) —* 


PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr) 


TB01600S 


Test Array Program 
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TEST ARRAY (Continued) 


4.75V hd 
Voc , 
ov 
Vin 
CK 
Both terms 48 and 49 must be deleted during Vie 
user programming to avoid interfering with the 
desired logic function. This is accomplished Vi 
automatically by any of Signetics' qualified Io-43 - 
programming equipment. a 
3V 
Fo.3 
OV 
STATE SYGWHITM- 7-777 “\ [fan Low 
REGISTER a 3 HIGH 


7/;6);5/4;/3);2)]11)0 
DCCC fel ool Eo le oe ES 
epee detete pepe yey ele ere |e eae 


TB01610S 


Test Array Deleted 
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DESCRIPTION 

The PLS168 is a bipolar, programmable 
state machine of the Mealy type. It con- 
tains logic AND-OR gate arrays with user 
programmable connections which control 
the inputs of on-chip state and output reg- 
isters. These consist respectively of 10 
Q,, and 4 Q; edge-triggered, clocked S/R 
flip-flops, with an asynchronous preset 
option. 


All flip-flops are unconditionally preset to 
“1” during power turn-on. 


The AND array combines 12 external in- 
puts, lo_;4, with 10 internal inputs, Po-o, fed 
back from the State register to form up to 
48 transition terms (AND terms). In addi- 
tion, Pp—P of the internal state register are 
brought off-chip to allow extending the 
output register to 8 bits, if so desired. 


All transition terms can include True, 
False, or Don’t Care states of the control- 
ling variables, and are merged in the OR 
array to issue next-state and next-output 
commands to their respective registers on 
the log to high transition of the Clock 
pulse. 


FUNCTIONAL DIAGRAM 


August 22, 1989 


PLS168 
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Both True and Complement transition 
terms can be generated by optional use of 
the internal variable (C) from the comple- 
ment array. Also, if desired, the Preset in- 
put can be converted to output-enable 
function, as an additional user program- 
mable option. 


Order codes for this device are listed inthe 
Ordering Information table. 


FEATURES 
© Field-programmable (Ni-Cr link) 


®@ 12 True/Compliement buffered in- 
puts 


® 48 programmable AND gates 

@ 29 programmable OR gates 

® 10-bit state register 

© 4-bit shared state/output register 
© 4-bit output register 

® Transition complement array 


®@ Programmable asynchronous 
preset/output enable 


® Positive edge-trigger clock 


LD01150S 


679 


© Power-on preset to logic “1” of all 
registers 


@ Automatic logic “HOLD” state via 
S/R flip-flops 


®@ On-chip test array 

® Power: 600mW 

© TTL compatible 

@ 3-State outputs 

® Single +5V supply 

® 300mil-wide 24-pin DIP 


APPLICATIONS 
@ Interface protocols 


© Sequence detectors 

® Peripheral controllers 

© Timing generators 

®@ Sequential circuits 

© Elevator controllers 

® Security locking systems 
© Counters 

® Shift registers 


PIN CONFIGURATION 
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FPLS LOGIC DIAGRAM 


(LOGIC TERMS—T) ci nesta incisal 


ee rete See 
ANGE Ba 


Ht 
ae ene 
Sotho Se 
Ee 

A PMOTtOWtaTauttaiwiai 


HALEN TeTLEHTA TTB 
SEREABAUALELUMEIEEEERISELOGDRIGEOEE PCHRD 
HH HH oe 
MIU BAALAAGRALGS50FMREREELLGEELELLEB ALT Labaz 
SEAIAEURTANREUAURAERENEESRUSUOLOLSREAUAUOGMTSAIAIBES 
AUSTELABUESESEUEUEGEREERIEUGSURIADHLAEOORELEILELRS 
SOPLEDDGUSERSSMUBEDAERUBESEGIERSIEGESENAMI 080 0b@s HTT 
Be OE Seen nee GGAURREREELEIibeE 8 
SGATHETPERGS APL EESGA GGT TLORTLGG LE LCG a 
EDGER IAMEEANERE ee eee ee 
HISISFSmEEEEHSGAEEHEMLEGGTHLGCSGOIeE RO 
HILMLEMASLULLERLLMALSASEELEOR EEL ASL 


-—4---}--- wy *, - 4 


1. All programmed ''AND"' gate locations are pulled to logic ''1"’. 
2. All programmed "'OR'' gate locations are pulled to logic "'0". 
3. Programmable connection. 
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ORDERING INFORMATION 


24-Pin Ceramic DIP 300mil-wide PLS168/BLA 


PIN DESCRIPTION 


- SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the state and output registers. A Low—to—High transition on Active—High 
this line is necessary to update the contents of both registers. 


Logic Inputs: The 11 external inputs to the AND array used to program jump Active—High/Low 


conditions between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, 
when exercised with standard TTL levels. When lp is held at +10V, device outputs 
Fo_3 and Py_3 reflect the contents of state register bits P4 _ 9 (see Diagnostic Output 
Mode diagram on page 7). The contents of flip—flops Pp _ ; and Fp _3 remain unalt- 
ered. 


Active—High/Low 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents 
of state register bits Pp _3. When lp is held at +10V these pins reflect (Pg — Pg). 


Active—High 


Logic/Diagnostic Outputs: Two register bits (Fo — F3) which normally reflect output Active—High 


register bits (Qo — Q3). When lp is held at +10V these pins reflect (P4 — Ps). 


Preset or Output Enable Input: A user programmable function: 


e Preset: Provides an asynchronous preset to logic “1” of all state and output 
register bits. Preset overrides Clock, and when held High, clocking is inhibited 
and Pp_g and Fo_3 are High. Normal clocking resumes with the first full clock 
pulse following a High-to—Low clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers. 


Active—High (H) 


Active—Low (L) 


Logic Output: Two device outputs which reflect output registers Qo — Q;. When Ip is 
held at +10V Fo — F; = Logic “1”. 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER | RATING UNIT 


i 
a a 
Tw | rputvetage OSSSOSOSSSSCSdSC Vo 
vo | Ouputvotase ——SSSCSC“‘“S*~“‘*S*SC“s*~Ss“‘“s~‘s~s*~*rSCS*S 
aan — 
al 
ia 


a 

a 

ee 
a 
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DC ELECTRICAL CHARACTERISTICS -55°C < Ty < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER? TEST CONDITIONS? LIMITS? UNIT 
| Min | Typ? | Max _| 


Input Voltage 
ViH Voc = 5.5V V 
Vit Voc = 4.5V V 
Vik Voc = 4.5V, I; =—-18mA : V 
Output Voltage 


Voc = 4.5V 
Vou High® lon = —2mA 
Voi Low® lo. = 9.6mA 


High 
Low 
Low (CK input) 
Output Current 


lo(orF) Hi-Z state’ 


Short circuit*® 
Voc supply current? 


los 
loc 
Capacitance’: 1° 
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Field-Programmable Logic Sequencer (12x48x8) PLS168 


AC ELECTRICAL CHARACTERISTICS -55°C «< Ty < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TO LIMITS UNIT 
| Min | Typ? | Max_| 


Pulse Width 
Clock" High 15 
Clock Low 15 
Period (w/o C—array) 
Period (w/C—array)'° 
Preset pulse 
Setup Time 
Input 
Input (through Complement array) '2 
Power-on preset!° 
Preset!© 
wpe S~“—~S*~*~sdYSCe SECC OTC 
Clock Output+ 
Output Enable Output— 
Output Disable Output+ 
Preset Output+ 


Power-on preset Output+ 


w/o C—array 


w/C—array'° 


NOTES: 

1. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 

All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with V\_ applied to OE and a logic High stored, or with Vj applied to PR. 

Measured with a programmed logic condition for which the output is at a Low logic level, and Vj, applied to PR/OE Output sink current is 
applied through a resistor to Vcc. 

Measured with Vi, applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

. loc is measured with the PR/OE input grounded, all other inputs at 4.5V, ant the outputs open. 

10. Guaranteed, but not tested. 

11. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 

12. Not testable on unprogrammed devices. 


O©NN BAAWN 
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PLS168 


TIMING DIAGRAMS 


Sequential Mode 


Asynchronous Preset 


t ppr 
AK \ A (F,) = 1 
Fo.9/Po3 N ; 
tcp a 
4 1.5V 1: 


15V + 


Power-On Preset 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 
Interval between clock pulses 


Clock period — when not using 
Complement Array. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Clock period — when using 
Complement Array. 


unecias Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement array (two passes 
necessary through the AND 
array). 


Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 


Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
= preceding first reliable clock 


ulse. 
ov P 


WF0s364S Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 

transition of clock and when 

Outputs become valid (with 
Low). 


ov Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


= @ @ @ @ = Vou 


F,=1) 


.5V ( 

Vor 
KO 
V 


1 
Delay between beginning of 


Output Enable High and when 
Outputs are in the OFF-State. 
+3V 

Delay between positive 

ov transition of Preset and when 

Outputs become valid at “1”. 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Width of preset input pulse. 
WF05404S 


Maximum clock frequency. 
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LOGIC FUNCTION VIRGIN STATE 4. The device can be clocked via a Test 
foal Ginte Teanaiion: A factory shipped virgin device contains all Array pre-programmed with a standard 
Typical Sate “Tranention: fusible links intact, such that: test pattern. 
a2 a1 a0 1. PR/OE option is set to PR. Thus, all out- NOTE: The Test Array pattern must be 
(sn) PRESENT STATE puts will be at “1", as preset by initial deleted before incorporating a 
— power-up procedure. user program. This is accomp— 
AeBeCe... : . 
“Gt 2. All transition terms are disabled (0). ie melee by any — 
Po[o[:] G.)) nexrstare 3. All S/R flip-flop inputs are disabled (0). me eS Prog rarmenlg 


SET Qp: Sy = (Q,* Q,*Q))eAe BOC... 
Ry = 0 


RESET Q,: S,=0_ oop ees a 
R, = (Q,°Q,*Q))*AeBeC... 


HOLD Q,: S,=0 


TBOO900S 


TRUTH TABLE! 2.3.4.5.6 


OPTION 


. Positive Logic S/R=Ty+T,+To+... 
Th = C(Ip |; Ilo ...) (Po Ps ... Ps) 
. Either Preset (Active—High) or Output Enable (active—Low) are available, but not both. The desired function is a user programmable option. 


denotes transition from Low to High level. 
R = § = High is an illegal input condition. 
. © = H/U/+10V. 
. Xm Don't Care (< 5.5V). 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


2.7V 


NEGATIVE 
PULSE 


POSITIVE 
PULSE 


0.3V 
ov 


WF 14010S 


Oe aN iG INPUT PULSE DEFINITIONS 


CAPACITANCE) 


ital INPUT PULSE CHARACTERISTICS 
TCO01570S 


NOTE: 
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PLS168 


LOGIC PROGRAMMING 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement the 
desired logic function are coded directly from 
the State Diagram using the Program Table on 
the following page. 


PRESET/OE OPTION - (P/E) 


LS01810S 


OPTION CODE 


In this table, the logic state or action of control 
variables C, |, P, N and F, associated with each 
Transition Term Ty, is assignedasymbolwhich PROGRAMMING: 


PRESET 


results in the proper fusing pattern of | The PLS168 has apower-up pre-set feature. This feature insures that the device will power—up 


corresponding link pairs, defined as follows: 


in a known state with all register elements (state and output register) at a logic High (H). When 


programming the device, itis important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (I), (P) 


i,p 
1,P 
ip 
Ty 


LS01850S 


STATE CODE 
INACTIVE "5 "4 


LS01860S 


4 


“OR” ARRAY - (N), (F) 


LS01890S 
LS01900S 


xenon | CODE 
INACTIVE"3 *5 | oO | SET 


“COMPLEMENT” ARRAY - (C) 


c 


T 


LS01930S n 


LS01940S 


ACTION CODE 


| ACTION | CODE 
[—aenenate [A _| 


INACTIVE? © | Oo | 


NOTES: 


i,p 
1,P 
i,p 
Th 


LS01830S LS01840S 


state [cove |] 
Ont care [= 


LS01870S LS01880S 


neti —__[ CODE] [action [COE] 


c 
c 
Th 


LS01910S LS01920S 


ACTION CODE ACTION | CODE | 
PROPAGATE | e@ | TRANSPARENT | - | 


13. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tp. 
14. Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs are left intact. 
15. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see 


flip—flop truth tables). 


16. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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FPLS PROGRAM TABLE PLS168 


CUSTOMER NAME 
SIGNETICS DEVICE # 


PROGRAM TABLE # 


errno 


T PRESENT STATE (Ps) 
E a mmetm | 


fA Rae ASEER El 
Pe TTT TTT eT eT 


TBO0891S 


bal HI il lil ; 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an = 
on-chip test array. (In + Fy)/Fr 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


Testing is accomplished by clocking the FPLS (V+ F,)/F, 
and applying the proper input sequence to 
lo-144 aS shown in the test circuit timing dia- 


gram. (1, + FF, 


AF01822S 
TC01593S 


State Diagram 
FPLS Under Test 


OPTION (P E) Ez 


PRESENT STATE (Ps) 
INPUT(Im) 
C, E (Px) 


RROD ORO DRDO Rn DOR Oe Beko eee 
EE OOOO OSMOOOO SMOCHICIMCICC) a roe 
p48 Be fe fe fe Je ge fe fu fe ge fe fe J | PS OOIMM CHM OE Mc 


Test Array Program 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


STATE f —a<— HIGH 
REGISTER 
LOW 


WF05376S 


Ae ao aa 


Test Array Deleted 
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DESCRIPTION 

The PLS173 is a two-level logic element 
consisting of 42 AND gates and 10 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 


All AND gates are linked to 12 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 22 inputs to 10 outputs. 


On chip T/C buffers couple either True (I, 
B) or Complement (I, B) input polarities to 
all AND gates, whose outputs can be op- 
tionally linked to allOR gates. Their output 
polarity, in turn is individually program- 
mable through a set of EX-OR gates for 
implementing AND/OR or AND/NOR logic 
functions. 


The PLS173 is field-programmable, en- 
abling the user to quickly generate custom 
patterns using standard programming 
equipment. 


February 29, 1988 


PLS173 


Field-Programmable Logic Array 


(22x42x10) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
© Field-Programmable (Ni-Cr links) 


@ 12 inputs 
@ 42 AND gates 
© 10 OR gates 


® 10 bidirectional I/O lines 
— 32 Logic Terms 
-— 10 Control Terms 


© Power dissipation: 750mW (typ) 
@ Output: 3-State 
@ TTL compatible 


APPLICATIONS 
@ Random logic 


© Code converters 

© Fault detectors 

¢ Function generators 
¢ Address mapping 

@ Multiplexing 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


24-pin Ceramic DIP PLS173/BLA 


300mil-wide 


689 


PIN CONFIGURATION 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A‘B:C: D-... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 
= PO+P1 + P2+ eee 
= Pi: * 68s 
NOTES: fel si 
1. For each of the 10 outputs, either function Z (ac- 
tive-high) or Z (active-low) is available, but not both. 
The desired output polarity is programmed via the 


EX-OR gates. 
. Z,A, B,C, etc., are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 


853-0867 FO1091 
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FPLA LOGIC DIAGRAM 


a——___————_ (LOGIC TERMS—P) ———_—_—————_—_—- @—— (CONTROL TERMS) ———- 


NOTES: 

1. All programmed ''AND"' gate locations are pulled to logic ''1". 

2. All programmed ''OR'"' gate locations are pulled to logic ''0"’. 
Programmabie connection. 
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FUNCTIONAL DIAGRAM 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING UNIT 


Flo | Output currents Po +100 
0 
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DC ELECTRICAL CHARACTERISTICS -55°C «< Ta < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER? TEST CONDITIONS? LIMITS? UNIT 
| Min | Typ? | Max_| 


Input voltage 


Vit Voc = 4.5V V 
Vi Voc = 5.5V V 
Vik , Voc = 4.5V, |) =-18mA 0.8 V 


Output voltage 


Voc = 4.5V 
Vo LowS lo. = 12mA V 
Vou High® lou =—2mA V 
lie Low LA 
NH High LA 


Output current 


lo(oFF) Hi-Z state'© =9. 110 
che 0 
Output short circuit*®” sah 


a 


Capacitance"! 

C, Input pF 

Cg /O pF 
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT 
a 


AC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc < 5.5V 

to | Propagation Delay | _ Outputs | Inputs | C= 500F 

a Coa Se A 
too | OutpurDisabie®1? | Outputs | Inputs | c=sopF =| | 20 [| 35 | os | 
NOTES: 


1. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other condition above those indicated in the operational and programming specification of 
the device is not implied. 

All typical values are at Voc = SV, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Pins 1 — 5 = OV, Pins 6 — 10 = 4.5V, Pin 11 = OV and Pin 13 = 10V. 

Same conditions as Note 5, except Pin 11 = +10V. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with Ip and |, = OV and Ip — 1;, and By — Bg = 4.5V. Part in Virgin State. 

Measured at Vy = Vo, + 0.5V. 

10. Leakage values are a combination of input and output leakage. 

11. Guaranteed, but not tested. 


12. Guaranteed but not tested in unprogrammed devices. 


PON OMe ON 
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TIMING DIAGRAMS 


WF05410S 


2.7V 


NEGATIVE 
PULSE 


POSITIVE 
PULSE 


0.3V 


ov 


WF14010S 


INPUT PULSE DEFINITIONS 


INPUT PULSE CHARACTERISTICS 


Rep. Rate | Pulse Width| try 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
tp Propagation delay between input and output. 


Delay between input change and when 
output is off (Hi-Z or High). 


TEST LOAD CIRCUIT 


Delay between input change and when 
output reflects specified output level. 


+5V 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 
R, 
R2 C. 


NOTE: 
R,= 470Q, Ro= 1KQ, CL = 50pF 
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LOGIC PROGRAMMING 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR/EX—OR 
gate input connections necessary to implement 
the desired logic function are coded directly 
from logic equations using the Program Table 
on the following page. 


In this table, the logic state of variables |, P and 
B, associated with each Sum Term S is 


OUTPUT POLARITY -— (O, B) 


LS01950S 


ACTIVE LEVEL CODE 


ACTION 
INACTIVE 13:14 


LS02010S 


P, STATUS CODE 


NOTES: 


STATE CODE 


assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, de- 
fined as follows: 


CAUTION: PLS173 TEST 
COLUMNS 


The PLS173 incorporates two columns not 
shown in the logic block diagram. These col- 


LS01960S 


ACTIVE LEVEL CODE 


P,D 


LS02000S 


LS02020S 


P,, STATUS CODE 
INACTIVE | oe | 


13. This is the initial unprogrammed state of all link pairs. It is normally associated with all 


unused (inactive) AND gates Pp, Dr. 


14. Any gate Pp, Dy will unconditionally inhibited if any one its (|, B) link pairs is left intact. 


February 29, 1988 


694 


umns are used for in-house testing of the de- 
vice in the unprogrammed state. These 
columns must be disabled prior to using the 
PLS173 in your application. If you are using a 
Signetics approved programmer, the disabling 
is accomplished during the device program- 
ming sequence. If these columns are not dis- 
abled, abnormal operation is possible. 


P,D 
LS01970S 


LS01980S 


STATE CODE 
DON'T CARE - 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links open, such that: 

1. All outputs at “H” polarity. 

2. All P, terms are disabled. 

3. All P, terms are active on all outputs. 
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FPLA PROGRAM TABLE 


PO} TY 
SRRRREREES 
rn eee: 5 eee See 
ries ee SF ee 
miwlelelris|sistsletefoloiet [sisi sPolsl fo] Loled fel s}efs] a] so) 
See CERRREZHER 


CUSTOMER NAME 
SIGNETICS DEVICE # 
PROGRAM TABLE # 


eniries corresponding to states of virgin links exists in the table. 


(Shown BLANK for clarity.) 
2. Unused | and B bits in the ANO array musi be programmed Don't 


1. The FPLA Is shipped with ali Hinks intact. Thus 8 background of 


3. Unueed product terms can be left blank. 


Notes 


BOBOOBOD SoD Soo oO8CSoaobbe 
i 


OO wo www wr ee = = 


em 
OON'T CARE ' — 


VARIABLE 
NAME 


TBO0954S 
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TWX TAPE CODING (LOGIC 
FORMAT) 

The FPLA Program Table can be sent to 
Signetics in ASCII code format via airmail using 
any type of 8ievel tape (paper, mylar, fanfold, 


MAIN 
HEADING 


etc.), or via TWX: just dial (910) 339-9283, tell 
the operator to turn the paper puncher on, and 
acknowledge. At the end of transmission in- 
struct the operator to send tape to Signetics 
Order Entry. 


25 
RUBOUTS ; 
MIN 


PROGRAM TABLE 


HEADING 
DATA (1) 


been wenn ne 


A number of Program Tables can be 
sequentially assembled on a continuous tape 
as follows, however, limit tape length to a roll of 
1.75 inch inside diameter and 4.25 inch outside 
diameter. 


PROGRAM TABLE ! 
DATA (N) 


25 ' 
RUBOUTS | 


TBOO960S 


A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a (S) character, whether used 


or not: 


—1. Customer Name 
—2. Customer TWX No 
—3. Data 


—4. Purchase Order No—————____ 
—5. Number of Program Tables———————————__ 
—6. Total Number of Parts 


B. EachSUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry preceded by a (S) charac- 


ter, whether used or not: 


—1. Signetics Device No. 
—2. Program Table No. 


—4. Date 


—5. Customer Symbolized Part No. 


—3. Revision —6. Number of Parts 


C. Program Table data blocks are initiated with an STX character, and terminated with an ETX character, The body of the data consists of output 
polarity, product term, and output information separated by appropriate identifiers in accordance with the following format. Entries form the data 
fields correspond to those defined in the Logic PROGRAM TABLE. 


START OF DATA FIELD 
PRODUCT TERM IDENTIFIER 


START OF DATA TEXT 
(CONTROL A OR B) 


PRODUCT TERM NUMBER 


START OF DATA FIELD START OF DATA FIELD START OF DATA FIELD 


OUTPUT POLARITY 
IDENTIFIER 
OUTPUT POLARITY 
DATA pee ee L) 


INPUT IDENTIFIER INPUT IDENTIFIER 


INPUT VARIABLE 
DATA ease L,—) 


/O VARIABLE 
DATA ns ae L,—) 


pou ‘sg, 8,8, 8,8, B, B, EE B, B Bi! [By By PaPEa eee 
START OF DATA FIELD 


PRODUCT TERM IDENTIFIER 
CONTROL TERM NUMBER 


START OF DATA FIELD START OF DATA FIELD 


OUTPUT IDENTIFIER INPUT IDENTIFIER 


V/O VARIABLE INPUT AND I/O VARIABLE FOR INPUT VARIABLE 
DATA (A,*) ALL PRODUCT TERMS USED DATA (H, L, —) 


-| fo) "8, 8, 68,8, 8,8, 6,8,8,''- Po : : DIE UN scasmacnsiesnas Ip! 


) 


INPUT IDENTIFIER 


START OF DATA FIELD 


1/O VARIABLE 
DATA (H, L, —) 


INPUT AND I/O VARIABLE FOR 
ALL CONTROL TERMS USED 


END OF DATA TEXT 
(CONTROL C) 


PP 
BI 'B, B, 8, 8, B, B, B, B, B, By P 


TB00970S 
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DESCRIPTION 

The PLS179 is a 3-State output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a “foldback” inverting 
buffer and control gate Fe. It features 8 
registered I/O outputs (F) in conjunction 
with 4 bidirectional I/O lines (B). There are 
8 dedicated inputs. These yield variable |/ 
O gate and register configurations viacon- 
trol gates (D, L) ranging from 20 inputs to 
12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 21 
OR gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 8 inputs (I), bidi- 
rectional I/O lines (B), internal flip-flop out- 
puts (Q), and Complementary Array 
output (C). The Complementary Array 
consists of a NOR gate optionally linked to 
all AND gates for generating and propa- 
gating complementary AND terms. 


APPLICATIONS 
e Random sequential logic 


e Synchronous Up/Down counters 
e Shift Registers 

e Bidirectional data buffers 

e Timing function generators 

e System controllers/synchronizers 
e Priority encoder/registers 
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Field Programmable Logic Sequencer 


(20x45x12) 


Product Specification 


FEATURES 
e Field-programmable (Ni-Cr link) 


e 8 dedicated inputs 
e 13 control gates 
e 32 AND gates 
e 21 OR gates 
e 45 product terms: 
— 32 logic terms 
- 13 control terms 
e 4 bidirectional I/O lines 
e 8 bidirectional registers 
e J/K, T, or D-type flip-flops 
e Asynchronous Preset/Reset 
e Complement Array 
e Active high or low outputs 
e Programmable OE control 
e Positive edge triggered clock 


e Power-on reset on flip-flop 
(Fn = “1”) 


e Power dissipation: 725mW (typ) 
e TTL Compatible 
FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


A f 
ii 


- 
be 
TSA 


” 
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PIN CONFIGURATION 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


24-Pin Ceramic DIP PLS179/BLA 


300-mil Wide 


(CONTROL TERMS) 
P R L D 


AF01880S 
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On-chip T/C buffers couple either True (|, B, Q) 
or Complement (I, B, Q, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. One group of AND gates 
drives bidirectional I/O lines (B), whose output 
polarity is individually programmable through a 
set of EX-OR gates for implementing AND-OR 
or AND-NOR logic functions. Another group 
drives the J-K inputs of all flip-flops, as well as 
asynchronous Preset and Reset lines (P, R). 


Allflip-flops are positive edge-triggered andcan 
be used as input, output or I/O (for interfacing 
with a bidirectional data bus) in conjunction with 
load control gates (L), steering inputs (I), (Q) 
and programmable output select lines (E). 


The PLS179 is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


LOGIC FUNCTION 


Q3 Q2 Q1 QO 


[Te] [o] G) enesenr snare 


AeBe Ce... 


PoTeTo le] G) vexrsure 


STATE REGISTER 


SET Qo: Jo= (Q3* Q,°Q,°Q,) Ae BOC... 


Ky=0 


RESET Q,: J, =0 = ee 
K,= (Q3* Q,°Q,°Q,)*aeBec... 


HOLD Q,: J, =0 
K2=0 
TOGGLE Q3° Jg=(Q3* Q,°Q,°Q,)*AeBeC... 
K3=(Qg° Q,*Q,°Q,)*AeBeCc... 


TB00901S 


FLIP-FLOP TRUTH TABLE 


VIRGIN STATE 


jae sts NOTE: NOTES: 
The factory shipped virgin device contains all Similar logic functions are applicable for D 1. Positive Logic: 
fusible links intact, such that: and T mode flip-flops. J/K = To +7, +To +... + 734 


1. OE is always enabled. 


. Preset and Reset are always disabled. 


. All flip-flops are in D-mode. 


. All B pins are inputs and all F pins are out- 
puts. 


2 
3. All transition terms are disabled. 
4 
5 
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T,=Ce (Ip @ 1, @ Io...) © (Qo ¢Q,...) © 
(Bo @ B; ...) 
denotes transition for Low to High level. 
X = Don't care 
* = Forced at F,, pin for loading J/K 
flip-flop in 1/O mode. L must be enabled, 
and other active Tr disabled via steering 
input(s) |, B, or Q. 
5. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 
6. ** = Forced at F, pin to load J/K flip-flop 
independent of program code (Diagnostic 
mode). 


ON 
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FPLS LOGIC DIAGRAM 


o———_—_ (LOGIC TERMS — T) 3  &——_—_____— (CONTROL TERMS) ————— 


‘ 


steeped teeth |) re 


28 Hee rl 
‘ ogee a Pett aud a 1 


‘iat jeoccm 
“er Hoe wy § eeeeereerl 


siaimniia 
/ HHMaH i TTT _ Ti “Be, 
SaTATGNGGHTNGHE nn Trea Mn a 
: Coo 
TET | So TS 


[22] F, 


UATE 
UU TT TT est : 
UR ERCH [a — ae * 


NISLNRELI = - 
TC MiNi a Seal] 


CT ttt ee c= .. 


LD01671S 


1. All OR gate inputs with a blown link float to logic ''0". 
2. All other gates and control inputs with a blown link float to logic ''1"’. 
® 7 Genotes WIRE-OR 

_ Programmable ‘confection. 
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ABSOLUTE MAXIMUM RATINGS! 


i. 
fe 


PinputcurenisSSCSCSCSCSCSC~SSCCSC 
Storage temperature range -—65 to +150 


RECOMMENDED OPERATING CONDITIONS 


| Min | 
[vec | SimnvvotageSSCSCS~S~Sd 
a 
ve | towievelinputotage Sid 
a 
ae 
—_ 


a 
Tos | Hihevelouputcurent 


DC ELECTRICAL CHARACTERISTICS -55°c < Ta <+125°C, 4.5V< Voc < 5.5V 


SYMBOL PARAMETER? TEST CONDITIONS? 


Clamp Voltage Voc = MIN, | = hx 


VoL Low-level output voltage Voc = MIN, lo, = MAX 
Vou High-level output voltage lou = MAX 


Ne 

Ne 

NH 

lo(OFF) 

los Short circuit output current*: © 


Voc supply current? 


Cin 
Court 


Low-level output current 
Low-level output current (CK input) 


High-level output current 


Hi-Z State output current® 8 


Vo = 0.45V"4 
Vo = OV 


Input capacitance? 
Output capacitance? 
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AC ELECTRICAL CHARACTERISTICS -55°C < Ty < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER a ol TESTCONDITIONS | = LIMITS 


Pulse Width 


Clock high'° 
Clock low 
Period'@ 
Preset/Reset pulse 


Setup Time 
Input 
Input (through F,) 
Input (through Complement array) '2 
Hold Time 


ti Input 
Tin2"4 Input (through F,) 


Propagation Delay 


Clock 
Output enable 
Output disable!" 
Output 

Output enable 
Output disable"! 


Preset/Reset 
Power-on preset 


NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 


All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured at Vi, applied to OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 
Leakage values are a combination of input and output leakage. 

Guaranteed, but not tested. 


10. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

11. Measured at V7 = Vo, + 0.5V. 

12. When using the Complement Array Tcoxp = 85ns (min.). 

13. Limits are guaranteed with 12 product terms maximum connected to each sumterm line. 

14. Not tested on an unprogrammed device. 

15. These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. Testing of these 
values requires special equipment. 


BON AAS ON 
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TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


2.7V 


NEGATIVE 
PULSE 


tTHL(4) tTLH(t) 


tTLH(t) tTHL(tf) 


tw 


Ro T CL 
=_= Input Pulse Definitions 


70016108 cic INPUT PULSE CHARACTERISTICS 
CAPACITANCE) 
eee Rep. Rate | Pulse Width tTHL 


TIMING DIAGRAMS 


+ 3V 
1B 
(INPUTS) 1.5V 1.5V 
OV 


lh Tis1-——~ 
+3V 

1.5V 1.5V 1.5V 

{ov 


— re TCKH i bs TCKL—~> 


CK 
a——_—- TC K Pp ——__> 


F 
(OUTPUTS) 


WF05470S 


Flip-Flop Outputs 


I. 8 
(INPUTS) 


B 
(OUTPUTS) 


1B 


(OUTPUT ENABLE) 
OV 


WF05480S 


Gate Outputs 
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MEMORY TIMING DEFINITIONS 


Required delay between begin- 
ning of valid input and positive 


transition of clock. 


1,8 
(INPUTS) 


Ons MIN. 


*PRESET RESET 


(i, B INPUTS) 
Required delay between begin- 
ning of valid input forced at 
flip-flop output pins, and positive 
transition of clock. 


(PRESET) 7 
(RESET) ’ 


TPRO 


Required delay between posi- 
tive transition of clock and end 
of valid input data. 


VOH 
F (RESET) 


(OUTPUTS) (PRESET) 


VOL 
WF05490S Required delay between posi- 
tive transition of clock and end 
of valid input data forced at 


flip-flop output pins. 


“Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tis; 
cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


Delay between positive transi- 
tion of clock and when Outputs 
become valid (w/OE low). 


1,8 


(LOAD SELECT) Delay between beginning of 


Output Enable Low and when 
Outputs become valid. 


Delay between beginning of 
Output Enable High and when 
Outputs are in the off state. 


Propagation delay between 
combinational inputs and out- 
puts. 


Delay between predefined Out- 
put Enable High, and when 
combinational Outputs become 
valid. 


(INPUTS) (FORCED Din) 


TiS2 TiH2 


Delay between predefined Out- 
put Enable Low and when com- 
binational Outputs are in the off 
State. 


TCKH 


—2a—$§£|—_ TH 1 


XX QA 


Flip-Flop Input Mode 


Delay between positive transi- 

tion of predefined Preset/Reset 
input, and when flip-flop outputs 
become valid. 


WF05500S 
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The FPLS can be programmed by means of In these Tables, the logic state or action of all I/ 
Logic Programming equipment. O, control and state variables are assigned a 


: ; symbol which results in the proper fusing pat- 
With Logic Programming, the AND/OR-EX-OR naman ; 
input connections necessary to implement the tern of corresponding links defined as follows: 


desired logic function are coded directly from 
the State Diagram using the Program Tables on 
the following pages. 


“AND” ARRAY - (I), (B), (Qp) 


(T, Fo, L, P, R, D), (T, Fo, L, P, R, D), (T, Fo, L, P, R, D)y 
STATE [CODE | STATE | CODE | STATE | CODE | 
DON’T CARE =a 
wactvetst7 | Oo ee | __DONT CARE 
LS02040S 


LS02060S 


J 


Be D 
cece lice: 
) >-OH{x Be: 


ACTION CODE ACTION CODE ACTION CODE ACTION CODE 


LS02170S LS02180S Ls$02190S Ls02200S 


“OR” ARRAY — (MODE) “OR” ARRAY — (Qn = D-TYPE) 


ACTION CODE ACTION CODE 
JIK OR D 
(CONTROLLED) J-K 


LS02130S LS02140S 


TaSTATuS | CODE | Tn STATUS CODE 
ACTIVE (Set) Ew INACTIVE (Reset) | 8 


LS02150S LS02160S 
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“OR” ARRAY - (S or B), (P), (R) “COMPLEMENT” ARRAY — MODE 


c c 
c c 
(O., bie Pe Ry) (D,, Ly, Pp» R,,) 
[Ta STATUS | CODE] [action | 


ACTION a 


ACTION | CODE | 
PROPAGATE 0 TRANSPARENT 


LS02110S 


LS02210S 


LS02120S 


c 
Cc 
(Th Fo) 


ACTION CODE 
TRANSPARENT p= | 


LS02100S 


(Th: Fo) 
ACTION | CODE | 
PROPAGATE Le 


LS02090S 


POLARITY CODE 


LS02240S 


POLARITY CODE 


LS02230S 
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“OE” ARRAY — (E) 


ACTION CODE ACTION CODE 
CONTROL | A | DISABLE | | 


LS02280S 


NOTES: 


16. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
17. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs are left intact. 
18. To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates T,,, Fe. 


19. E, = O and E, = @ are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 
20. These states are not allowed for control gates (L, P, R, D), due to their lack of "OR” array links. 
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z= 


FPLS PROGRAM TABLE 


CONTROL NOTES 
1. The FPLS is shipped with all links intact. Thus 
PR, B(O)! a background of entries corresponding to 
INACTIVE, e| (Q=0) | states of virgin links exists in the table, shown 
BLANK for clarity. 
| . Program unused C, |, B, and O bits in the AND 
| array as (—). Program unused Q, B, R, and P 
bits in the OR array as (—) or (A), as applicable. 
INACTIVE l . Unused Terms can be left blank. 
_ | HIGH 1H) . Q(P) and Q (N) are respectively the present and 
: next states of flip-flops Q. 


TRANSPARENT 


Y) 
O 
ji 
Lu 
= 
© 
” 
> 
aa) 
O 
Ly 
LW 
—. 
ou 
= 
fe) 
O 
Lu 
ea) 
O 
- 
< 
je 
i 
co 
O 
oO 
cB 
ae 
be 


DATE RECEIVED 
COMMENTS 


CUSTOMER NAME 
SIGNETICS DEVICE # 
PROGRAM TABLE # 


TB01712S 
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Military Application Specific 
Products 


e Series 20 


FEATURES 
@ Ultra high-speed 
— tpp = 10ns 
— fax = 50 MHz 
-ts =10ns 
- texo = 10ns 
® 100% functionally and pin-for-pin 


compatible with industry standard 
20-pin PAL ICs 


@ Power-up reset function to enhance 
state machine design 
and testability 


® Design support provided via 
AMAZE and other CAD tools for 
Series 20 PAL devices 


® Field-programmable on industry 
standard programmers 


® Security fuse 


® Individual 3-State control of all 
outputs 


PLUS16R8 


ORDERING INFORMATION 


PLUS16L8/BSA, PLUS16R8/BSA 


PLUS16L8, PLUS16R8 
PAL®-Type Devices 


Signetics Programmable Logic 


Product Specification 


DESCRIPTION 

The Signetics PLUS16XX family is an 
ultra high-speed version of existing Series 
20 PAL devices. 


The PLUS16XxX family is 100% functional 
and pin-compatible with the 16L8 and 
16R8 Series devices. 


The sum of products (AND-OR) architec- 
ture is comprised of 64 AND gates and 8 
fixed OR gates. Multiple bidirectional pins 
provide variable input/output pin ratios. In- 
dividual 3-State control of all outputs and 
registers with feedback (R8) is also pro- 
vided. Proprietary designs can be pro- 
tected by programming the security fuse. 


The PLUS16R8 has D-type flip-flops 
which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design 
and testing, a power-up reset function has 


DEVICE NUMBER DEDICATED INPUTS COMBINATORIAL OUTPUTS 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 


May 1, 1989 
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been incorporated into these devices to 
reset all internal registers to active-Low af- 
ter a specific period of time. 


The Signetics State-of-the-Art oxide isola- 
tion Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS16XxX family of devices are field 
programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified pro- 
grammers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLUS16XX series as well as other 
PLD devices from Signetics. The 
PLUS16XX series are also supported by 
other standard CAD tools for PAL-type de- 
vices. 


REGISTERED OUTPUTS 


853-1109 F03436 
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PLUS16L8, PLUS16R8 


PIN CONFIGURATIONS 


PLUS16L8 


CD15280S 


PLUS16L8 (LLCC) 


a 
HTP 


AND 
ey 
| | ARR 


Bimini 
PUTS 


OUT 
CD15270S 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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PLUS16R8 


Se 


pyyyyy 


cz 


[he 


6 


Fie 


CD15310S 


PLUS16R8 (LLCC) 


“ ly CLK Vog Q, 


2 {f+ | [20] 
as 
PUT. 


ca OUT 
| | ARRAY 


|, GND OE Q Q, 


Ss 


CD15260S 


DESCRIPTION 

Dedicated Input 
Registered output 
Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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LOGIC DIAGRAM PLUS16L8 


EE BE ae 
nnn 
o— ae ion 


16 


& 
i 
. jimi (tot — 
2} mi lion 


24 


31 


@ 
. rT TTT Tn 
iz | ain 


Be —tH 28 See 8 8 aoe 
iim = 
> ae aii 


7 INPUTS (0-31) 


0026278 
NOTES: 


1. All unprogrammed or virgin ''AND"' gate locations are pulled to logic ''0" 
2. Programmable connections 
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LOGIC DIAGRAM PLUS16R8 


7 


ae 
ap —) 
: Bai te nino 


pene 
: Stott tt Tit ttt — 
a oS Limit 


os 
——— 
(i ——_ o—{11] OE 
y 


> a 8 2 eee ee 
0 
INPUTS (0-31) 
LD02628S 


NOTES: 
1. All-unprogrammed or virgin ''AND"' gate locations are pulled to logic ''0"' 
2. Programmable connections 


May 1, 1989 711 


Signetics Military Application Specific Products ¢ Series 20 


PAL®-Type Devices 


Product Specification 
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FUNCTIONAL DESCRIPTIONS 

The PLUS16XX series utilizes the familiar 
sum—of-—products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI inte- 
grated circuits to reduce package count and 
board area occupancy, consequently improv- 
ing reliability and design cycle over Standard 
Cell or gate array options. By programming the 
security fuse, proprietary designs can be pro- 
tected from duplication. 


The PLUS16XX series consists of two PAL— 
type devices. Depending on the particular de- 
vice type, there are a variable number of 
combinatorial and registered outputs available 
to the designer. The PLUS 16L8 is a combinato- 
rial part with 8 user configurable Bidirectional 
outputs, while the other device, PLUS16R8, 
has 8 output registers. 


After programming these devices, all product 
terms with bits programmed will be set to the 
logical High state and those with both True and 
Complementsignals unprogrammedwill be set 
to the logical Low state. 


3—State Outputs 

The PLUS16XX series devices also feature 
3—State output buffers on each output pin which 
can be programmed for individual control of all 
outputs. The registered outputs (Qn) are con- 


AND ARRAY - (I, B) 


P, D 


ee 
Tiwacrve7 [0 
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trolled by an external input (/OE), and the com- 
binatorial outputs (On, Bn) use a product term 
to control the enable function. 


Programmable Bidirectional Pins 
The PLUS16XX products feature variable 
Input/Output ratios. In addition to 12 dedicated 
inputs, each combinatorial output pin of the 
registered device can be individually pro- 
grammedas an inputor output. The PLUS16L8 
provides 10 dedicated inputs and 6 Bidirection- 
al I/O lines that can be individually configured 
as inputs or outputs. 


Output Registers 

The PLUS16R8 has 8 output registers. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to—High transition of the 
clock input. These output registers are capable 
of feeding the outputs of the registers back into 
the array to facilitate design of synchronous 
state machines. 


Power-up Reset 

By resetting all flip—flops to a logic Low, as the 
power is turned on, the PLUS16R8 enhances 
state machine design and initialization capabili- 
ty. 


Software Support 
Like other Programmable Logic Devices from 
Signetics, the PLUS16XxX series is supported 


712 


by AMAZE, the PC-based software develop- 
ment tool from Signetics. The PLUS16XX fami- 
ly of devices is also supported by standard CAD 
tools for PAL devices, including ABEL and 
CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 

Logic designs for PLUS16XX series can be 
generated using any commercially available 
JEDEC standard design software that supports 
the 20—pin PAL devices. No JEDEC fuse map 
conversion or translation is necessary when 
transferring designs from slower 20—pin PAL 
devices. 


To implement the desired logic functions, each 
logic variable from the logic equations is as- 
signed a symbol. True (High), Complement 
(Low), Don’t Care and Inactive symbols are de- 
fined below. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


P,D 


eee 
[powteare | - | 
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ABSOLUTE MAXIMUM RATINGS! 
PARAMETER 


High level Input Voltage 


Low level Input Voltage 


Low Level Input Current 
High Level Input Current 
Maximum Input Current 


Off State Output Current, Low Level 
Off State Output Current, High Level 
Short circuit Output Current 


Input Capacitance 


May 1, 1989 


Voc = Min, lou = Max 
Voc = Min, lou = Max 
Voc = Max, Vin = 0.4V 
Voc = Max, Vin = 2.4V 
Voc = Max, Vin = 5.5V 
Vcc = Max, Vout = 0.4V 
Voc = Max, Vout = 2.4V 
Voc = Max, Vout = 0.5V 


Voc = 5.0V, Vout = 2.0V 
f = 1MHz, Vout = 0.45V 
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AC ELECTRICAL CHARACTERISTICS -55°c < Tas. < +125°C, 4.5 < Voc <5.5V 


| Min | Typ? | Max 
PLUS16L8 


tpp Output Qt 12 
toc2® Output Enable Output 12 
top2® Output Disable Output 12 


PLUS16R8 


Clock High 
Clock Low 


CK- CK+ 9 


Period 


Input 


Input 


Input or Feedback CK+ 
Qt 
Qt 


Qt 


Clock 


Output Enable 


Output Disable 


Power-—up Reset 


Feedback 1/(tis + tcxo) 
No Feedback 1/(teK, + tex) 
tee 
. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 
All typical values are at Voc = 5V, Ta = +25°C. 


All voltage values are with respect to network ground terminal. 
Duration of short circuit should not exceed 1 second. 


Tested at an address cycle time of 1s. 

Guaranteed but not tested. 

These are absolute voltages with respect to device group pin and include all overshoots due to system andor tester noise. Testing of these 
values require special equipment. 

Not testable on an unprogrammed device. 

Test guaranteed due to the testing of tig and tcxo. 

10. This is the initial unprogrammed state of all links. 

11. Any gate P or D,, will be unconditionally inhibited if both the True and Complement fuses of any input (| or B) are left intact. 


OM NOM RON 
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TEST LOAD CIRCUIT 


irs 
| 
| 
| 
| 
| 
| 


\, OS 


CL 
CK OS 
— (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


R, = 270Q, Ro = 600Q, C, = 50pF. TEO16 195 TC01621S 


VOLTAGE WAVEFORMS 


NEGATIVE 
PULSE 


tTHL (4) 


tTLH (tr) 


Twa] rer are | puse worm [en | oa 
Psy [we [som | aioe | sw 


CLOCK TO FEEDBACK PATH 
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TIMING DIAGRAMS ?2.13 


1B 
(INPUTS) 1.5V 


[tm oi tis —| 


1.5V 1.5V 1.5V 
| ne 
Pp Ss. te et — CK 


WAX 2s 


WF05473S 


Flip-Flop Outputs 


1,8 
(INPUTS) 


oO, B 
(COMBINATORIAL 
OUTPUTS) 


:) 
(OUTPUT 
ENABLE) 


WF05482S 


(REGISTERED 
OUTPUTS) 


WF06877S 
Power-Up Reset 
NOTES: 


12.Input pulse amplitude is OV to 3V. 
13. Input rise and fall times are 2.5ns. 
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SYMBO PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


Clock period. 


Required delay between begin- 
ning of valid input and positive 
transition of clock. 

Required delay between posi- 
tive transition of clock and end 
of valid input data. 

Delay between positive trans- 
ition of clock and when internal 
Q output of flip—flop becomes 
valid. 
Delay between positive trans- 
ition of clock and when outputs 
become valid (with OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 


Delay between predefined Out- 
put Enable High, and when 
combinational outputs become 
valid. 


Delay between predefined Out- 
put Enable Low and when com- 
binational outputs are in the Off— 
State. 


Delay between Vcc (after pow- 
er—on) and when flip—flop out- 
puts become preset at “1” (inter- 
nal Q outputs at “O”). 
Propagation delay between 


combinational inputs and out- 
puts. 


tCKH 
ICKL 
tcKP 


tcKF 


ca 
Oo 


FREQUENCY DEFINITIONS 


No feedback: Determined by the 
minimum clock period, 

1/(teKL + teKH). 

Internal feedback: Determined 
by the internal deSlay from flip— 


flop outputs through the internal 
feedback and array to the flip— 
flop inputs, 1/(tig + tex). 
External feedback: Determined 
by clock-to—output delay and in- 
put setup time, 1/(tis + texo). 
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PROGRAMMING 


The PLUS16XX Series are programmable on conventional programmers for 20—pin PAL® devices. Refer to the following charts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


DATA I/O CORPORATION SYSTEM 29B, LogicPak™ 303A-V04 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 ADAPTER 303A—011A—V08 16L8/16L8D : 1B/17 
REDMOND, WASHINGTON 98073-9746 UNISITE 40/48. V2.4 16R8/16R8D : 1B/24 


(800)247-5700 MODEL 60, 60A/H, V.13 


STAG MICROSYSTEMS, INC. 
1600 WYATT DRIVE ZL30/30A PROGRAMMER 


SUITE 3 REV. 30A31 
SANTA CLARA, CALIFORNIA 95054 


16L8/16L8D : 11/29 


PPZ PROGRAMMER 16R8/16R8D : 11/30 


(408)988-1118 TBA 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 AMAZE SOFTWARE 
SUNNYVALE, CALIFORNIA 94088-3409 REV. 1.7 


(408)991-2000 


DATA |/O 
10525 WILLOWS ROAD, N.E. 


P.O. BOX 97046 ABEL™ SOFTWARE 
REDMOND, WASHINGTON 98073-9746 REV. 1.0 AND LATER 


(800)247-5700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 

CUPL™ SOFTWARE 
FORT LAUDERDALE, FLORIDA 33309 REV 1.01 AND LATER 


(800)331—7766 
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signetics 


Military Application Specific 
Products 


eSeries 24 


FEATURES 
@ Ultra high-speed 
-— tpp = 10ns 
— fuax = 50 MHz 
-— ts =10ns 
— texo = 10ns 
® 100% functionally and pin-for-pin 


compatible with industry standard 
24-pin PAL ICs 


©@ Power-up reset function to enhance 
state machine design 
and testability 


®@ Design support provided via 
AMAZE and other CAD tools for 
Series 24 PAL devices 


@ Field-programmable on industry 
standard programmers 


® Security fuse 


@ Individual 3-State control of all 
outputs 


DEVICE NUMBER DEDICATED INPUTS COMBINATORIAL OUTPUTS 


PLUS20L8, PLUS20R8 
PAL®-Type Devices 


Signetics Programmable Logic 


Product Specification 


DESCRIPTION 

The Signetics PLUS20XX family is an 
ultra high-speed version of existing Series 
24 PAL devices. 


The PLUS20XxX family is 100% functional 
and pin-compatible with the 20L8 and 
20R8 Series devices. 


The sum of products (AND-OR) architec- 
ture is comprised of 64 AND gates and 8 
fixed OR gates. Multiple bidirectional pins 
provide variable input/output pin ratios. In- 
dividual 3-State control of all outputs and 
registers with feedback (R8) is also pro- 
vided. Proprietary designs can be pro- 
tected by programming the security fuse. 


The PLUS20R8 has D-type flip-flops 
which are loaded on the Low-to-High 
transition of the clock input. 


In order to facilitate state machine design 
and testing, a power-up reset function has 


been incorporated into these devices to 
resetall internal registers to active-Low af- 
ter a specific period of time. 


The Signetics State-of-the-Art oxide isola- 
tion Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS20XxX family of devices are field 
programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified pro- 
grammers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLUS20XX series as well as other 
PLD devices from Signetics. The 
PLUS20XX series are also supported by 
other standard CAD tools for PAL-type de- 
vices. 


REGISTERED OUTPUTS 


PLUS20R8 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
24-Pin Ceramic DIP PLUS20L8/BLA, PLUS20R8/BLA 
24-Pin Ceramic Flatpack 


PLUS20L8/BKA, PLUS20R8/BKA 
22-Pin Ceramic LLCC PLUS20L8/B3A, PLUS20R8/B3A 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 
PLUS20L8 


pt tt tt tt 
AND/OR ARRAY 


CD15441S 


PLUS20L8 (LLCC) 


lig GND NC 141 1y2, Oo 
CD15512S 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Vokage 

Ground 

No Connection 
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PLUS20R8 


a 


Us 
ri YYYYYYY' 


AND/OR ARRAY 


j fags] fea] fags Eales Fairs | 
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ile 
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CD15452S 


PLUS20R8 (LLCC) 


Ig CLK NC Voc 14; Q,7 


AND/OR 
ARRAY 


lg GND NC OE Ii Qo 
CD15483S 


DESCRIPTION 

Dedicated Input 
Registered output 
Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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LOGIC DIAGRAM 
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INPUTS (0-39) 


NOTES: 
1. All unprogrammed or virgin ''AND'' gate locations are pulled to logic ''0"' 
2...» Programmable connections 


March 21, 1989 720 


Si < 


PLUS20L8 


115} Oo 


14] I2 
113] by 


L009510S 


Signetics Military Application Specific Products ¢ Series 24 


LOGIC DIAGRAM 


cuK | 1} 
0123 4567 891019 12131615 16171819 20212223 24252627 28293031 3233643 33738630 


lo | 2 | >a 


SSBRBRRS ¢ 


SSSREEEK BY 


° 
3 
” 
= 
c 
uJ 
- 
i 
oO 
> 
Qo 
oO 
cx 
-% 


ShERES2E BY 


S8EVsaz k BV2ssers 


PTT TT Tr rr rt 

Ht tte tT 4 

ee 

HTT 
ERS PRR RE AE 


re litt HH ae, < 


~ 
= 


(2c DEE ees < 


0123 4567 891011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 
INPUTS (0-39) 


NOTES: oe 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic ''0 


2.5. Programmable connections 


March 21, 1989 721 


Product Specification 


PAL®—Type Devices PLUS20L8, PLUS20R8 


PLUS20R8 
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PLUS20L8, PLUS20R8 


FUNCTIONAL DESCRIPTIONS 

The PLUS20XX series utilizes the familiar 
sum—of-—products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI inte- 
grated circuits to reduce package count and 
board area occupancy, consequently improv- 
ing reliability and design cycle over Standard 
Cell or gate array options. By programming the 
security fuse, proprietary designs can be pro- 
tected from duplication. 


The PLUS20XX series consists of two PAL— 
type devices. Depending on the particular de- 
vice type, there are a variable number of 
combinatorial and registered outputs available 
to the designer. The PLUS20L8 is a combinato- 
rial part with 8 user configurable Bidirectional 
outputs, while the other device, PLUS20R8, 
has 8 output registers. 


After programming these devices, all product 
terms with bits programmed will be set to the 
logical High state and those with both True and 
Complementsignals unprogrammedwill be set 
to the logical Low state. 


3—State Outputs 

The PLUS20XX series devices also feature 
3—State output buffers on each output pin which 
can be programmed for individual control of all 
outputs. The registered outputs (Qn) are con- 


AND ARRAY - (I, B) 


INACTIVE 19,11 
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trolled by an external input (/OE), and the com- 
binatorial outputs (On, Bn) use a product term 
to control the enable function. 


Programmable Bidirectional Pins 
The PLUS20XX products feature variable 
Input/Output ratios. In addition to 12 dedicated 
inputs, each combinatorial output pin of the 
registered device can be individually pro- 
grammedas an inputor output. The PLUS20L8 
provides 14 dedicated inputs and 6 Bidirection- 
al I/O lines that can be individually configured 
as inputs or outputs. 


Output Registers 

The PLUS20R8 has 8 output registers. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to—High transition of the 
clock input. These output registers are capable 
of feeding the outputs of the registers back into 
the array to facilitate design of synchronous 
state machines. 


Power-—up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS20R8 enhances 
state machine design and initialization capabili- 
ty. 


Software Support 
Like other Programmable Logic Devices from 
Signetics, the PLUS20XX series are supported 
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by AMAZE, the PC-based software develop- 
ment tool from Signetics. The PLUS20XX fami- 
ly of devices are also supported by standard 
CAD tools for PAL devices, including ABEL and 
CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 

Logic designs for PLUS20XX series can be 
generated using any commercially available 
JEDEC standard design software that supports 
the 24—pin PAL devices. No JEDEC fuse map 
conversion or translation is necessary when 
transferring designs from slower 24—pin PAL 
devices. 


To implement the desired logic functions, each 
logic variable from the logic equations is as- 
signed a symbol. True (High), Complement 
(Low), Don't Care and Inactive symbols are de- 
fined below. 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P,, terms are active on all outputs. 


P,D 


[stare | 600E_] 
[powtcane | - 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


RATINGS 


[in | ewtowens——SSSCSCS~—CSCSC~iSCC 
a 
50 


RECOMMENDED OPERATING CONDITIONS 

| Min | 
Tee a 

Pia? | ie pegs a 
Pi [orietpaaige 
Pie westdonponen 
a 
=a 


LIMITS 


High level Output current 


Low level Output current 
Operating Free—Air Temperature Range 


DC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5 < Voc < 5.5V 


| Min | Typ? | Max 
Low Level Output Voltage Voc = Min, Io, = Max AWS 
Vou High Level Output Voltage Voc = Min, lon = Max 2.4 V 
Voc = Max, Vin = 0.4V 


Voc = Max, Vin = 2.4V 
Voc = Max, Vin = 5.5V 


Low Level Input Current 
High Level Input Current 


Maximum Input Current 


Off State Output Current, Low Level 
Off State Output Current, High Level Voc = Max, Vout = 2.4V 
os Short circuit Output Current Voc = Max, Vout = 0.5V 
Cc 


Inc4:5 
Tec | Supehewrent CdSe TST tO] 
IN 


Cc Input Capacitance Voc = 5.0V, Voyt = 2.0V 
fe) 


f = 1MHz, Vout = 0.45V 


Voc = Max, Vout = 0.4V 
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AC ELECTRICAL CHARACTERISTICS -55°c < Sas. < +125°C, 4.5 < Voc <5.5V 


PLUS20L8 
Output 
Output Enable 
Output Disable 


Clock High 
Clock Low 
Period 


Input 


Input Input or Feedback 


Clock 
Output Enable 
Output Disable 


Power—up Reset 


Feedback 1/(tis + texo) 
No Feedback 1/(tex. + texH) 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 


All typical values are at Voc = 5V, Ta = +25°C. 
All voltage values are with respect to network ground terminal. 
Duration of short circuit should not exceed 1 second. 


Tested at an address cycle time of 1[ULs. 

Guaranteed but not tested. 

These are absolute voltages with respect to device group pin and include all overshoots due to system and/or tester noise. Testing of these 
values require special equipment. 

Not testable on an unprogrammed device. 

Test guaranteed due to the testing of tis and tcxo. 

10. This i is the initial unprogrammed state of all links. 

11. Any gate P or D, will be unconditionally inhibited if both the True and Complement fuses of any input (| or B) are left intact. 


om NOON ROL 
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TEST LOAD CIRCUIT 


CL 


(INCLUDES 
SCOPE AND JIG 
NOTE: CAPACITANCE) 


Ry = 270Q2, Ro = 600Q, CL = 50pF. TECIBISS TC01621S 


CLOCK TO FEEDBACK PATH 
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TIMING DIAGRAMS ?2.!3 TIMING DEFINITIONS 


1B 
(INPUTS) 15V 


a 


1.5V 1.5V 1.5V 


CK Required delay between begin- 
ning of valid input and positive 
transition of clock. 
Required delay between:posi- 
tive transition of clock and end 


of valid input data. 
Delay between positive trans- 
ition of clock and when internal 
© output of flip—flop becomes 
valid. 
Delay between positive trans- 
ition of clock and when outputs 
become valid (with OE Low). 


| 
— tis a teKH OP hss tcKL_— 


<—_—_——_ (MAX ———__» 


Q 
REGISTERED OUTPUT \\ 
( UTPUTS) NS 


Flip-Flop Outputs 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


1B 
(INPUTS) 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off—State. 


Delay between predefined Out- 
put Enable High, and when 
combinational outputs become 
valid. 


Delay between predefined Out- 
put Enable Low and when com- 
binational outputs are in the Off— 
State. 


Delay between Vcc (after pow- 
er—on) and when flip-flop out- 
puts become preset at “1” (inter- 
nal Q outputs at “O’). 


0, B 
(COMBINATORIAL 
OUTPUTS) 


,B 
(OUTPUT 
ENABLE) 


Propagation delay between 
combinational inputs and out- 
puts. 


(REGISTERED 
OUTPUTS) 


No feedback: Determined by the 
minimum clock period, 

1/(teKL + tcKH). 

External feedback: Determined 
by clock—to—output delay and in- 
put setup time, 1/(tis + tcxo). 


|, B 
(INPUTS) 


Power-Up Reset 


NOTES: 
12.Input pulse amplitude is OV to 3V. 
13.Input rise and fall times are 2.5ns. 
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PROGRAMMING 


The PLUS20XX Series are programmable on conventional programmers for 24—pin PAL® devices. Refer to the following charts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


DATA I/O CORPORATION SYSTEM 29B, LogicPak™ 303A-V04 . 
10525 WILLOWS ROAD, N.E. 
P.O. BOX 97046 ADAPTER 209A-O11A-VO6 20L8/20L8D : 18/26 


/ : 1B/27 
REDMOND, WASHINGTON 98073-9746 UNISITE 40/48, V2.4 20R8/20R8D : 1B. 


(800)247-5700 MODEL 60, 60A/H, V.13 


STAG MICROSYSTEMS, INC. 
1600 WYATT DRIVE ZL30/30A PROGRAMMER 


SUITE 3 REV. 30A31 
SANTA CLARA, CALIFORNIA 95054 


20L8/20L8D : 11/56 


(408)988-1118 TBA 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 
811 EAST ARQUES AVENUE 


P.O. BOX 3409 AMAZE SOFTWARE 
SUNNYVALE, CALIFORNIA 94088-3409 REV. 1.7 


(408)991—2000 


DATA I/O 
10525 WILLOWS ROAD, N.E. 


P.O. BOX 97046 ABEL™ SOFTWARE 
REDMOND, WASHINGTON 98073-9746 REV. 1.0 AND LATER 


(800)247-5700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 

CUPL™ SOFTWARE 
FORT LAUDERDALE, FLORIDA 33309 REV 1.01 AND LATER 


(800)331-7766 
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PLUS405 
Field-Programmable Logic 
Sequencer (16x64x8) 


Signetics 


Military i 
Application Specific Products papier let Sabb aka Rogie 
® Series 28 
DESCRIPTION FEATURES PIN CONFIGURATION 
The PLUS405 device is a bipolar pro- 59 and 58.8MHz clock rates Tv 
grammable state machine of the Mealy 
© fuax = 30MHz 


type. Both the AND and the OR arrays are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated in- 
puts (Ip - 115) and to the feedback paths of 
the 8 on-chip State Registers (Qpp - Qp7). 
Two complement arrays support complex 
IF-THEN-ELSE state transitions with a 
single product term (input variables Co, 
C;). 


Allstate transition terms can include True, 
False, or Don’t Care states of the control- 
ling state variables. All AND gates are 
merged into the programmable OR array 
to issue the next-state and next-output 
commands to their respective register. 
Because the OR array is programmable, 
any oneor allofthe 64 transitiontermscan 
be connected to any or all of the State and 
Output Registers. 


All state (Qpp - Qp7) and output (Q¢o - Qe) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K 
toggle function which is indeterminate on 
S-R flip-flops. Each register may be indi- 
vidually programmed such that a specific 
Preset-Reset pattern is initialized when 
the initialization pin is raised to a logic level 
“1”. This feature allows the state machine 
to be asynchronously initialized to known 
internal state and output conditions prior 
to proceeding through a sequence of state 
transitions. Upon power-up, all registers 
are unconditionally preset to “1”. ff 
desired, the initialization input pin (INIT) 
can be converted to an Output Enable 
(OE) function as an additional user-pro- 
grammable feature. 


Availability of two user-programmable 
clocks allows the user to design two 
independently clocked state machine 
functions consisting of four state and four 
output bits each. 


(1/(tiss + texo) 


© Functional superset of 
PLS105/105A 


@ Field-programmable (Ti-W fusible 
link) 


© 16 input variables 

® 8 output functions 

© 64 transition terms 

® 8-bit State Register 

® 8-bit Output Register 


® 2 transition Complement Array 
terms 


® Multiple clocks* 


© Programmable Asynchronous 


Initialization or Output Enable 


® Power-on preset of all registers to 
“4 3” 


® “On-chip” diagnostic test mode 
features for access to state and 
output registers 


© 950mW power dissipation (typical) 
© TTL compatible 

e J-K or S-R flip-flop functions 

® Automatic “Hold” states 

© 3-State outputs 


ORDERING INFORMATION 


DESCRIPTION 
28—Pin Ceramic DIP 600mil-wide 
28—Pin Ceramic Leadless Chip Carrier 
28—Pin Ceramic Flat Pack 


Refer to AC Specifications for clock and operating frequencies when using multiple clocks. 
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For LLCC pin assignments see JEDEC Standard 21. 


APPLICATIONS 
® Interface protocols 


© Sequence detectors 

© Peripheral controllers 

® Timing generators 

e Sequential circuits 

© Elevator controllers 

® Security locking systems 
© Counters 


© Shift registers 
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PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION POLARITY 
1 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. Pin 1 only clocks Po.3 and Fo. 3 (H) 
if Pin 4 is also being used as a clock. 


lo - Ig, ly, Ie, Logic Inputs: The 12 external inputs to the AND array used to program jump conditions Active- 


g-lg between machine states, as determined by a given logic sequence. True and complement High/Low 
lia - lis signals are generated via use of “H” and “L”. (H/L) 


|,/CLK2 Logic Input/Clock: A user programmable function: 


© Logic Input: A 13th external logic input to the AND array, as above. ate 
(H/L) 
Active-High 


@ Clock: A 2nd clock for the State Registers P,. 7 and Output Registers F4.7, as above. 
Note that input buffer |; must be deleted from the AND array (i.e., all fuse locations 
“Don’t Care”) when using Pin 4 as a Clock. 


(H) 


Active- 
High/Low 
(H/L) 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL levels. When I;2 is held at +10V, device outputs Fo - F7 reflect the 
contents of State Register bits Pp - P7. The contents of each Output Register remains 
unaltered. 


Active- 
High/Low 
(H/L) 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When I,; is held at +10V, device outputs Fp - F7 become 
direct inputs for State Register bits Py - P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins Fo - F7 into the State Register bits Pp - P7. The con- 
tents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active- 
exercising standard TTL levels. When I;9 is held at +10V, device outputs Fp - F7 become High/Low 
direct inputs for Output Register bits Qo - Q7; a Low-to-High transition on the appropriate (H/L) 


clock line loads the values on pins Fo - F7 into the Output Register bits Qo - Q7. The con- 
tents of each State Register remains unaltered. 


Active-High 
(H) 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which nor- 
mally reflect the contents of Output Register Bits Qo - Q7, when enabled. When Ij is held 
at +10V, Fo - F7 = (Po - P7). When |,; is held at +10V, Fo - F7 become inputs to State Reg- 
ister bits Pp - Pz. When |19 is held at +10V, Fo - F7 become inputs to Output Register bits 


Qo - Q;, 


Initialization or Output Enable Input: 
A user-programmable function: 


Active-High 


e Initialization: Provides an asynchronous preset to logic “1” or reset to logic “O” of all State (H) 


and Output Register bits, determined individually for each register bit through user pro- 
gramming. INIT overrides Clock, and when held High, clocking is inhibited and Fo - F7 are 
in their initialization state. Normal clocking resumes with the first full clock pulse following 
a High-to-Low clock transition, after INIT goes Low. See timing definition for tycK and 


tnvck: 


Active-Low 


(L) 


e Output Enable: Provides an output enable function to buffers Fo - F7 from the Output 
Registers. 
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FUNCTIONAL DIAGRAM 
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INIT/OE 


LD09171S 
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FPLS LOGIC DIAGRAM 
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DETAIL D 


NOTE: 
<sDenotes a programmable fuse location. 


August 4, 1989 731 


Signetics Military Application Specific Products @ Series 28 Product Specification 


Field-Programmable Logic Sequencer (16x64x8) PLUS405 


ABSOLUTE MAXIMUM RATINGS! 


| 
rin rputcurente SSCs 
Post | Ouputeurenis SOS 
180 


RECOMMENDED OPERATING CONDITIONS 


Tix | Inputcampeurent 


Operating free-air temperature range 


LIMITS? 


SYMBOL PARAMETER? TEST CONDITIONS? 


Input Clamp voltage* Voc = Min, liy = Max 


[Vic | InputClampvoltaget 
; V Min 
L 
N 


Voc = Min 
Yoo Low Level Output voltage lo, = Max 


| 

fe) 

fe) 
High Level Input current pi | os | a | 
High Level Input current (Pin 1 only) Vin = Voc = MAX 

IL Low Level Input current Vin = 0.45V, Voc = Max 

IL 


ie. Low (CK input) Level Input current Vin = 0.45V, Veco = Max 


y 


Off-State Output current High level Voc = Max, Vout 5.5V 
Off-State Output current Low level Voc = Max, Vout 0.45V 


Input Capacitance’ Vec = Nom, Vin = 2.0V 
Output Capacitance’ Voc = Nom, Vout = 2.0V 


S 
5 


: 
> 


7 [| s | oF 
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AC ELECTRICAL CHARACTERISTICS -55°C < Ty < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TO LIMITS UNIT 
| Min | Typ? | Max 


Pulse Width 


Clock High; CLK1 (Pin 1) 
Clock Low; CLK1 (Pin 1) 
CLK1 Period (without Complement Array) 
Clock High: CLK2 (Pin 4) 
Clock Low; CLK2 (Pin 4) 


CLK2 Period (without Complement Array) Output+ 


CK+ 


CLK1 Period (with Complement Array) 
CLK2 Period (with Complement Array)" 


Output+ 


Initialization pulse INIT+ 


Setup Time® 


Input 
Input (through Complement Array) 
Power-on preset!® 

Clock resume (after initialization) 


Clock lockout (before initialization) 


Hold Time 


LS a OCD 


Propagation Delay 
Clock1 (Pin 1) 


Output+ 


Clock2 (Pin 4) Output+ 
Output Enable Output- 
Output Disable® Output+ 
Initialization Output+ 


Power-on preset!® Output+ 


Max. Frequency of Operation 


fMaAx1 CLK1; (without Complement Array) 30.0 MHz 
fMAX3 CLK1; (with Complement Array) 25.0 MHz 
NOTES: 
1. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 


rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 


All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Duration of short circuit should not exceed 1 second. 

Measured with the INIT/OE input grounded, all other inputs > 4.5V and the outputs open. 
Cin and Court is guaranteed but not measured. 

CL = 5pF; Vr ca VoL + 0.5V. 

These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. Testing of these 
values requires special equipment. 

10. These parameters are guaranteed but not tested. 

11. Not tested but guaranteed through the testing of tiso and tcxoo2. 


wo Ononrfon 
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TRUTH TABLE 


Vcc 


x -K K KK 


x< 
+ 
oO 
< 


Positive Logic: 
S/R (or J/K) = Ty + Ty +To+...T¢ 
Th = (Co, C,) (lo, lh, lo, eee ) (Po, P,, see P7) . : , 

2. Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 


3. T denotes transition from Low-to-High level. 
4, * = H/L/+10V. 
5. X= Don't Care (< 5.5V) 


6. H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually programmable). 
7. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels on the output pins are forced by the user. 


VIRGIN STATE LOGIC FUNCTION 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1. INIT/OE option is set to INIT. In order to use Typical State Transition: 
the INIT function, the user must select ei- 


ther the PRESET or the RESET option for 2S Ss 


each flip-flop. Note that regardless of the (sn) PoRerME aere 

user-programmed initialization, or even if cree RERIETKR ie eks... 

the INIT function is not used, all registers 

are preset to “1” by the power-up procedure. G.-.) NEXT STATE 
Bie'C a. 


2. All transition terms are inactive (0). 


3. All S/R (or J/K) flip-flop inputs are dis- SET Qo: Sp = (Q2* Q,* Qo) "Ae B 
abled (0). Ry - 0 
4. The device can be clocked via a Test Array RESET Q,: S,-0 
pre-programmed with a standard test Ry = (Q2*Q,*Q,)*Ae BOC... 


pattern. HOLD Q,: S,=0 
R,=0 


TBO0900S 
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DETAILS FOR REGISTERS FOR PLUS405 


TO INIT LINE 


STATE REGISTERS 


INIT/OE 


LDO6880S 


FROM PIN 4 
(I,/CLK) PIN1CLK 


LDO6902S LD09151S 


Detail C Detail D 
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TIMING DIAGRAMS 


1.5V 1.5V 


= tis i a tcKH Or cs t cK —-| 


Q, 
STATE 
REG. 


Diagnostic Mode — Output Register Input Jam 
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TIMING DIAGRAMS 


tvck tnvck l~—texo 


tINITH 


WF 23101S 


Asynchronous Initialization 


Power-On Preset 
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TIMING DIAGRAMS 


INTERNAL 
STATE REG. 
0 -~a 


NTT TOK 


-texo 


WF 18200S 


Diagnostic Mode — State Register Input Jam 
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TIMING DEFINITIONS 


YMBOL | PARAMETER 


Width of input clock pulse 


tcxp12,13 | Clock period — when not using 

Required delay between begin- 
ning of valid input and positive 
transition of Clock. 

Delay between positive trans- 
ition of Clock and when Outputs 
become valid (with INIT/OE 
Low). 
Delay between Vcc (after pow- 
er-on) and when Outputs be- 
come preset at “1”. 
Required delay between begin- 
ning of valid input and positive 
transition of Clock, when using 
optional Complement Array 
(two passes necessary through 
the AND array). 
Required delay between posi- 
tive transition of Clock, and end 
of inputs 11; or ly transition to 
State and Output Register Input 
Jam Diagnostic Modes, respec- 


tcKo12,13 


Ss 
tRJH 
tively. 


faax12.13, | Maximum operating frequency. 
14,15 


TEST LOAD CIRCUIT 


August 4, 1989 


SYMBOL | PARAMETER 
Interval between clock pulses. 


Clock period — when _ using 
Complement Array. 


Required delay between posi- 
tive transition of Clock and end 
of valid Input data. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between input |; transi- 
tion to Diagnostic Mode and 
when the Outputs reflect the 
contents of the State Register. 


Required delay between inputs 
141 OF ly9 transition to State and 
Output Register Input Jam 
Diagnostic Modes, respectively, 
and when the output pins be- 
come available as inputs. 


Required delay between the 
negative transition of the clock 
and the negative transition of the 
Asynchronous Initialization to 
guarantee that the clock edge is 
not detected as a valid negative 
transition. 


NEGATIVE 
PULSE 


POSITIVE 
PULSE 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 
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PLUS405 


SYMBOL PARAMETER 


Width of initialization input 
pulse. 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-State. 


Delay between positive transi- 
tion of Initialization and when 
Outputs become valid. 


Delay between input I; transi- 
tion to Logic mode and when the 
Outputs reflect the contents of 
the Output Register. 


Required delay between posi- 
tive transition of Clock and end 
of valid Input data when jaming 
data into State or Output Regis- 
ters in diagnostic mode. 


Required delay between nega- 
tive transition of Asynchronous 
Initialization and negative transi- 
tion of Clock preceding first reli- 
able clock pulse. 
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LOGIC PROGRAMMING INITIALIZATION/OE OPTION - (INIT/OE) 


PLUS405 Logic designs can be generated us- 
ing Signetics AMAZE design software or sev- 
eral other commercially available, JEDEC 
standard PLD design software packages. 
Boolean and/or state equation entry format is 
accepted. 


INIT/OE 


E=1 


(ALWAYS 
ENABLED) 


(INITIALIZATION 
DISABLED) 


LS01824S 


| OPTION | CODE | 
a: ee ee 


LS01813S 


PLUS405 logic designs can also ge generated 
using the program table format detailed on the 


| option | cone 
following page(s). This Program Table Entry 
Format (PTE) is supported by the Signetics 


AMAZE PLD design software. AMAZE is avail- PROGRAMMING THE PLUS405: 

able free of charge to qualified users. The PLUS405 has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at a logic high (H). When 

To implement the desired logicfunctions,each —_ programming the device it is important to realize this is the initial state of the device. You must 

logic variable (1, B, P, S, T, etc.) from the logic —_ provide a next state jump if you do not wish to use all Highs (H) as the present state. 


equations is assigned a symbol. TRUE, COM- 
i el il 
& » 
INIT INIT 


PLEMENT, PRESET, RESET, OUTPUT, EN- 


ABLE, INACTIVE, etc., symbols are defined 
| INDETERMINATE'S|  — | 


below. 
ip i,p ip 
1P : 1,P _ 1,P 7 
i,p i,p i,p 
T, Th Le 


PRESET/RESET OPTION -— (P/R) 


LDO6910S 


ACTION CODE 
INDETERMINATE} =O 


- 
mal 


INIT 


L006911S 


“AND” ARRAY - (|), (P) 


LS01860S .$01830S uso1e40$ 


STATE STATE CODE STATE CODE STATE CODE 
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“OR” ARRAY — J-K FUNCTION - (N), (F) 


Th Th Th 


ade Tey Tel 
ne +—) —-« nF —+—) -1« | ie 


LD06921S LD06922S LD06923S 


[—nerion [coor] | [-acton | cove 


Cc c 
Cc c 
r T, : 


n 


“COMPLEMENT” ARRAY - (C) 


LS01930S LS01940S LS01910S LS01920S 


ACTION CODE ACTION CODE ACTION CODE ACTION CODE 
inactive!214 | 9 | GENERATE | A | PROPAGATE | @ | TRANSPARENT | — | 


“CLOCK OPTION — (CLK1/CLK2) 


LD06930S LD06913S 


ACTION CODE ACTION CODE 
CLK1 ONLY CLK1 and CLK2"6 


NOTES: 

12. This is the initial unprogrammed state of all links. 

13. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs are left intact. 

14. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 

15. These states are not allowed when using PRESET/RESET option. 

16. Input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 
17. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PLUS405 


PLUS405 PROGRAM TABLE 


CF (XXXX) 
8 
i 
BERER 
& 
a 
| 


CUSTOMER SYMBOLIZED PART # 
E 
e 
| 
; a 
Le 
E 
; 
i 
a 


CUSTOMER NAME 
SIGNETICS DEVICE # 


NOTES: 


PROGRAM TABLE 


[ CtocK v2 
ats WNPUT (Im) PRESENT STATE (Ps) 
rcilco. SHANI TNO 1S WB 7 IS IS M1812 11 10 1P7_P6 Ps Pe Ps PaiP Po. 


OPTIONS 


TB03142S 


1. The FPLS is shipped with all links initially intact. Thus, a background of ''0"' for all Terms, and an ''H"' for the IN/E and H for the clock option, exits in the table, shown BLANK instead 


for clarity. 


2. Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 
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DESCRIPTION 

The 82S100 (3-State) and 82S101 (Open- 
Collector) are bipolar, Fuse Program- 
mable Logic Arrays (FPLAs). Each device 
utilizes the standard AND/OR invert archi- 
tecture to directly implement custom sum 
of product logic equations. 


Each device consists of 16 dedicated in- 
puts and 8 dedicated outputs. Each output 
is capable of being actively controlled by 
any or all of the 48 product terms. The 
True, Complement, or Don’t Care condi- 
tion of each of the 16 inputs ANDedtogeth- 
er comprise one P-term. All 48 P-terms 
are selectively ORed to each output. The 
user must then only select which P-term 
will activate an output by disconnecting 
terms which do not affect the output. In ad- 
dition, each output can be fused as ac- 
tive-HIGH (H) or active-LOW (L). 


The 82S100 and 828101 are fully TTL 
compatible, and include chip enable con- 
trol for expansion of input variables and 
output inhibit. They feature either Open- 
Collector or 3-State outputs for ease of ex- 
pansion of product terms and application 
in bus-organized systems. 
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(16x48x8) 


Product Specification 


FEATURES 


e Field-programmable (Ni-Cr link) 


e Input variables: 16 
e Output functions: 8 
e Product terms: 48 


e I/O propagation delay: 80ns max 
e Power dissipation: 600mW typ 


e Input loading: -150,.A max 
e Chip enable input 


e Output option: 
— 82S100: 3-State 
— 82S101: Open-Collector 


e Output disable function; 
— 3-State: Hi-Z 
— Open-Collector: Hi 


e Separate I/O architecture 


APPLICATION 
e CRT display systems 


e Code conversion 

e Peripheral controllers 

e Function generators 

e Look-up and decision tables 
e Microprogramming 

e Address mapping 

e Character generators 

e Data security encoders 

e Fault detectors 

e Frequency synthesizers 

e 16-bit to 8-bit bus interface 
e Random logic replacement 


ORDERING INFORMATION 


743 


[sstare | OPEN-COLLEGTOR | 
[ph Ceramic DP eeomitwide——_-[_82S100XR_ | 82SI0VEXA 
[en CoamicFatPack ‘| _—e2SI008Ya | e2ST076VA 

cc 


28-pin Ceramic LLCC 


PIN CONFIGURATION 


+ = Open or grounded during normal operation 


For LLCC Pin Assignments, see Jedec Standard No. 21 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A® B® CeD 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=P0+P1+P2+... 
Z=P0® Pie pze... 
NOTES: 
1. For each of the 8 outputs, either function Z (active- 
High) or Z (active-Low) is available, but not both. 


The desired output polarity is programmed via the 
EX-OR gates. 


2.Z, A, B, C etc. are user defined connections to fixed 
inputs (|) and output pins (O). 
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FPLA LOGIC DIAGRAM 


e—__$_$______________ (Loic TeErnms—p) ——_________»__ 


ao LE Perret 
Se OER Oe See eee meee enema 
PELL Flt 
a ee Pitt 
HeGR CU MINGEI ss (eee eanneEe ene 
2G SEERA See) 0 GRRE RBR Ee eae 
eet feet 
Pett tt 
tipi aasf letusesomeemrsrse 
CO 
set Ti 


LLU TTT 
LAAT 


10] Fy 
47 © 0 0 0 © 40 390 © 0 0 032 310 00 0 0 02h eee eo 016 158 eee es Teeeeee J 


LD01450S 
NOTES: 
1. All AND gate inputs with a blown link float to a logic ''1"'. 


2. All OR ao Mists with a Bown fuse float to logic ''0". 
3. 
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FUNCTIONAL DIAGRAM 


Fusible Ni-Cr links are initially intact at all array cross-points. 


ABSOLUTE MAXIMUM RATINGS 


To 


Operating Temperature range -55 to +125 
5 t0 150 


Tsta 


Storage Temperature range 
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DC ELECTRICAL CHARACTERISTICS -55°c < Ta $+125°C, 4.5V< Voc <5.5V 


SYMBOL PARAMETER TEST CONDITIONS? UNIT 
| Min | Typ® | Max_| 
Voc = 5.5V V 
Voc = 4.5V Vv 
Voc = 4.5V, |) = -18mA Vv 
Voc = 4.5V V 
Vou High (82S100)5 10 lon = -2mA V 
Voi Low® lo. = 9.6mA V 
lay High <1 LA 
li Low -10 LA 


Output Current 


TE = HIGH, Vcc = Max 

lO(OFF) Hi-Z State Vo = 5.5V 60 LA 
(82S100) Vo = 0.45V -60 WA 

los Short circuit (82S100)*: 7: 1° CE = LOW, Vo = OV -85 mA 
loc Voc supply current® Voc = 5.5V 180 mA 

Capacitance? 

8 pF 

17 pF 


i 

Cout 

SYMBOL PARAMETER TO LIMITS UNIT 
| Min | Typ® | Max | 


AC ELECTRICAL CHARACTERISTICS -55°c < T, < +125°C, 4.5V< Voce <5.5V 
Propagation Delay 


Tpp Input"! Output Input 80 
Tce Chip enable Output Chip enable 40 
Disable Time 


Chip disable | Output | Chipenable | | 15 | 40 [ons 
NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause malfunction or permanent damage to the device. This is a stress 


rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 


2. All typical values are at Voc = 5V, Ta = 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one pin at a time. 

5. Measured with V\_ applied to CE and a logic high stored. 

6. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to 
7 

8 

9 


Input Voltage 


Voc. 

. Duration of short circuit should not exceed 1 second. 
. loc is measured with the chip enable input at a logic high, 1;-1;5 = GND. 
. Guaranteed, but not tested. 

10. On unprogrammed device apply 10V - 1;-l4s. 

11. Not testable on unprogrammed device. 
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LOGIC PROGRAMMING OUTPUT POLARITY - (F) 


The FPLA can be programmed by means of 


Logic programming equipment. s )>- z 
With Logic programming, the AND/OR/EX-OR 
gate input connections necessary to implement 


the desired logic function are coded directly 
from logic equations using the Program Table. 


In this Table, the logic state or action of vari- ACTIVE LEVEL CODE ACTIVE LEVEL CODE 


ables |, P and F, associated with each Sum L 

Term Sp, is assigned a symbol which results in acl ; & | ee ee 
the proper fusing pattern of corresponding link Lso22018 s023018 
pairs, defined as follows: 


“AND” ARRAY - (I) 


STATE CODE 


LS02341S 


LS02331S 


LS02020S 


[—#, STATUS | CODE | 
[active | ° 


LS02010S 
P, STATUS 
actve!2? [A | 

NOTES: 


12. This is the initial unprogrammed state of all links. 
13. Any gate P,, will be unconditionally inhibited if any one of its (I) link pairs is left intact. 
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TIMING DEFINITIONS TEST LOAD CIRCUITS 


SYMBOL PARAMETER 


Delay between beginning of 


Chip Enable Low (with input 

valid) and when Data Output 

becomes valid. 
VIRGIN STATE TIMING DIAGRAM 
The 82S100/101 virgin devices are factory 
shipped in an unprogrammed state, character- 
ized by: ADDRESS 
1. All internal Ni-Cr links are intact. 


Delay between when Chip En- 
able becomes High and Data 

Output is in Off-state (Hi-Z or CL 
High). 


(INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 
TC01651S TC01661S 


Delay between beginning of 
valid input (with Chip Enable 
Low) and when Data Output 
becomes valid. 


R; = 470Q, Ro = 1kQ, CL = 50pF. 


2. Each product term (P-term) contains both cE 
True and Complement values of every in- 
put variable | (P-terms always logically 
“false”). 


3. The “OR” Matrix contains all 48 P-terms. 


4. The polarity of each output is set to active- 
High (Fp function). 82S101 


5. All outputs are at a Low logic level. 


VOLTAGE WAVEFORM 


2.7V 


NEGATIVE 
PULSE 


POSITIVE 
PULSE 


0.3V 
ov 


WF14010S 


Input Pulse Definitions 


INPUT PULSE CHARACTERISTICS 
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DESCRIPTION 

The 82S105 is a bipolar programmable 
state machine of the Mealy type. It con- 
tains logic AND-OR gate arrays with user 
programmable connections which control 
the inputs of on-chip State and Output 
Registers. These consist respectively of 
6 Qp, and 8 Q- edge-triggered, clocked 
S/R flip-flops, with an asynchronous 
Preset option. All flip-flops are uncondi- 
tionally preset to “1” during power turn-on. 


The AND array combines 16 external 
inputs, Io.45, with six internal inputs, Pos, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). 


All transition terms can include True, 
False, or Don’t Care states of the control- 
ling variables, and are merged in the OR 
array to issue next-state and next-output 
commands to their respective registers on 
the Low-to-High transition of the Clock 
pulse. Both True and Complement transi- 
tion terms can be generated by optional 


FUNCTIONAL DIAGRAM 


LOGIC TERMS 
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825105 (PLS105) 


Field-Programmable Logic 
Sequencer (16x48x8) 


Signetics Programmable Logic 


Product Specification 


use of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to Output 
Enable function, as an additional 
user-programmable option. 


Order codes are listed in the Ordering 
Information table. 


FEATURES 
© Field-programmable (Ni-Cr link) 


© 16 input variables 

© 8 output functions 

@ 48 transition terms 

© 6-bit State Register 

© 8-bit Output Register 

® Transition Complement Array 
® Positive edge-trigger clock 


® Programmable asynchronous pre- 
set or Output Enable 


OUTPUT REG. 
LD02230S 


749 


© Power-on preset to all “1” of 
internal registers 


© fax = 10.5MHz 

© 650mW power dissipation (typical) 
© TTL compatible 

® Single +5V supply 

@ 3-state outputs 


APPLICATIONS 
® Interface protocols 


® Sequence detectors 

© Peripheral controllers 

© Timing generators 

® Sequential circuits 

@ Elevator controllers 

® Security locking systems 
© Counters 

© Shift registers 


PIN CONFIGURATION 


CD04960S 


For LLCC pin assignments see JEDEC Standard 21 
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82S105 


FPLS LOGIC DIAGRAM 


oe (LOGIC TERMS - 1) 8 


t : sue Po 
an | i : a i 
EUROAns i. ir - STSSUmELGUUE a Her all 
iz iinet th if ee ttt ae 


NOTES: 

1. All AND inputs with a blown link float to a logic ''1"' 
2. All OR gate inputs with a blown link float to logic ' 0", 
3. ©* Programmable connection. 
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Tis] Fs 
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ORDERING INFORMATION 


PIN DESCRIPTION 


= SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to—High transition on this Active—High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. 


Active—High/Low 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When Ip is held at +10V, device outputs Fo _ 5 reflect the 
contents of State Register bits Po_5. The contents of each Output Register remains unalt- 
ered. 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of 
Output Register bits Qo _ 7, when enabled. When Ip is held at +10V, Fo_5 =(Po-5), and 
Fe, 7 = Logic “1”. 


Active—High/Low 


Active—High 


Preset or Output Enable Input: A user programmable function: 


e Preset: Provides an asynchronous preset to logic “1” of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Fp _ 7 are 
High. Normal clocking resumes with the first full clock pulse following a High-to—Low 
clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers Fo _ 7 from 
the Output Register. 


Active—High (H) 


Active—Low (L) 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


a 
0 
CN 
Cin Wputeurents 
Tm | 


Output currents 
Operating temperature range 
Storage temperature range 


ith 
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DC ELECTRICAL CHARACTERISTICS -55°C «< Ty, < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER? TEST CONDITIONS? LIMITS? UNIT 
| Min | Typ? | Max | 


Input Voltage 
Vin Voc = 5.5V V 
Vi Voc = 4.5V V 
Vik Voc = Min, Ix =—-18mA ‘ V 


Output Voltage 
Voc = 4.5V 
Vou High® lou =—2mA 
Voi Low® lot =9.6mA 


High 
Low 
Low (CK input) 


Output Current 


lo(oFF) Hi-Z state’ 


Short circuit*.® 
Voc supply current? 


los 
loc 


Capacitance’: 10 
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AC ELECTRICAL CHARACTERISTICS -55°C < Ty, < +125°C, 4.5V < Voc < 5.5V 


SYMBOL PARAMETER TO LIMITS UNIT 
| Min | Typ | Max _| 


Pulse Width 


Clock'2 High 
Clock Low 

Period (w/o C—array) 
Period (w/C—array)'° 
Preset pulse 


Input CK+ 

Input (through Complement array) '9 CK+ 

Power-on preset’? CkK- 

Preset!9 CK- 
Hold Time 


PO 
Propagation Delay 
tcko Clock Output+ 15 35 
tog Output Enable’? Output— 20 40 
top Output Disable'? Output+ 20 40 
tpr Preset Output+ 18 45 
tppr Power-on preset!° Output+ 0 20 


een of Operation 


w/o C—array MHz 
ie Ax® w/C—array'° 


Nap cide 
. Stresses above those listed under “Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 


. All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vi, applied to OE and a logic High stored, or with Vj applied to PR. 

Measured with a programmed logic condition for which the output is at a Low logic level, and V\_ applied to PR/OE Output sink current is 
supplied through a resistor to Vcc. 

Measured with V\, applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, the outputs open. 

10. Guaranteed, but not tested. 


11. All typical values are at Voc = 5V, Ta = +25°C. 
12. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 
13. Not testable on unprogrammed devices. 


OON MARWN 


May 13, 1987 753 


Signetics Military Application Specific Products Product Specification 


Field-Programmable Logic Sequencer (16x48x8) 82S105 


TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBO PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


tc Clock period — when not using 
KP1 
Complement Array. 


Required delay between begin- 
ning of valid input and positive 
transition of Clock. 


Clock period — when using 
Complement Array. 


Required delay between begin- 
ning of valid input and positive 
transition of Clock, when using 
optional Complement Array 
(two passes necessary through 
the AND array). 


1.5V 


= tH ee tis =| 


1.5V 1.5V 1.5V 
u 
3) OM 


[-— tis | toKH abe tox, —, 


+ tcxp ——___» 


WF06851S 


Required delay between Voc 
(after power-on) and negative 
transition of Clock preceding first 
reliable clock pulse. 


Required delay between nega- 
tive transition of Asynchronous 
Preset and negative transition of 
Clock preceding first reliable 
clock pulse. 


Required delay between posi- 
tive transition of Clock and end 
of valid input data. 


Delay between positive trans- 
ition of clock and when outputs 
become valid (with PR/OE Low). 


Asynchronous Preset 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between beginning of 
Output Enable High and when 
Outputs are in the Off-State. 


Delay between positive transi- 
tion of Preset and when Outputs 
become valid at “1”. 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Width of preset input pulse. 
Maximum clock frequency. 


WF06871S 


Power-On Preset 


May 13, 1987 754 


Signetics Military Application Specific Products 


Field-Programmable Logic Sequencer (16x48x8) 


LOGIC FUNCTION 


Q2 Q1 Qo 


eles (sn) PRESENT STATE 


STATE REGISTER AeBe Ce... 


SET Qp: Sp = (Q2*Q,*Q))eAe BOC... 
Ry= 0 


RESET Q,: S,=0_ 
R, = Gc epmeere,, 
HOLD Q,: $2" =0 
=0 
TBO0900S 


TRUTH TABLE 


OPTION 


. Positive Logic S/R = 19 +171 + To+... + Taz 
Th = Cig 1; lo...) (Po P; ... Ps) 


VIRGIN STATE 

A factory shipped virgin device contains all 

fusible links intact, such that: 

5. PR/OE option is setto PR. Thus, all outputs 
will be at “1”, as preset by initial power—up 
procedure. 

6. All transition terms are disabled (0). 

7. All S/R flip-flop inputs are disabled (0). 

8. The device can be clocked via a Test Array 
pre-programmed with a standard test 
pattern. 


NOTE: The Test Array pattern must be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 


. Either Preset (Active-High) or Output Enable (active—Low) are available, but not both. The desired function is a user programmable option. 


denotes transition from Low to High level. 
R= S = High is an illegal input condition. 


.  * = H/U/+10V. 
. X= Don't Care (< 5.5V). 


TC01570S 
NOTE: 
Ry = 47022, Ro = 1kQ, ion baad 50pF. 


May 13, 1987 


VOLTAGE WAVEFORMS 


2.7V 


NEGATIVE 
PULSE 


POSITIVE 
PULSE 


CL 


= (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 
TCO2350S 
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LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement the 
desired logic function are coded directly from 
the State Diagram using the Program Table on = oe = eae 
the following page. 


[—oPTion | CODE [oPtion | CODE 
In this table, the logic state or action of control | sPRESET =| sods L 


variables C, |, P, N and F, associated with each 

Transition Term Tp, is assignedasymbolwhich PROGRAMMING THE 828105: 

results in the proper fusing pattern of |The 82S105 has a power-up preset feature. This feature insures that the device will power—up 

corresponding link pairs, defined as follows: in a known state with all register elements (state and output register) at a logic High (H). When 
programming the device, itis important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (1), (P) 


T, 


n 
LS01850S LS01830S LS01840S 


[state [cove | (state | cove | 
Tawactive™™ [0 | [owt cane [= 


“OR” ARRAY - (N), (F) 


LS01900S LS01870S LS01880S 


Tiwactive™™® [0 | 


“COMPLEMENT” ARRAY - (C) 


T, Th 


n 


LS01930S LS01940S LS01910S 
[ACTION | CODE [acrion [Cove | 
Piwactives7 [0 [—cenerare | A _| 
NOTES: 
14. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tp. 
15. Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs are left intact. 
16. To prevent simultaneous Set and Reset flip—flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip—flop truth tables). 
17. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 


cone | ACTION 
PROPAGATE | @ | TRANSPARENT 
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FPLS PROGRAM TABLE 


CUSTOMERNAME — 

PURCHASEORDER# INACTIVE | 0 

SIGNETICS DEVICE# CF (XXXX) 
| PROPAGATE | @ 


CUSTOMER SYMBOLIZED PART# 
TOTAL NUMBER OF PARTS 


1,P PL 


OON'T CARE | — 


INPUT (im) PRESENT STATE (Ps) OUTPUT (FA 


2 
Shee 


BEGRERERERE 
SRREOREROORERE 
LT Te 


Le 
: 


it 
1 


Hh 
i 
| 


VARIABLE 


(002251S 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 


parametric tests prior to programming via an 
(1, + F,)/F,, 


on-chip test array © 
The array consists of test transition terms 48 

and 49, factory programmed as shown below. ie 
Testing is accomplished by clocking the FPLS 

and applying the proper input sequence to («3 ) 
lo.7 aS shown in the test circuit timing dia- 

gram. 


(I, + F,,)/F,, 


AF01820S 
State Diagram 


TC01590S 


FPLS Under Test 


TEST ARRAY PROGRAM 
OPTION (P/E) 


PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr 


817 2,1 1/0 
ecte et CRCECRCECECECECECECECeCECe 
Lo fe Tete te fe fete [a ECR CICE CeCe Cececececece 


TB01760S 


Test Array Program 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any Signetic's qualified pro- 
gramming equipment. 


STATE f —_——— HIGH 


REGISTER 
LOW 


WF05379S 


Test Circuit Timing Diagram 


TEST ARRAY DELETED -—_____ertion ee) —d 
ae ae Rane! 


INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ne) OUTPUT (Fr 


TBO01750S 


Test Array Deleted 
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DESCRIPTION 

The 8251534 is a two-level logic element, 
consisting of 42 AND gates and 10 OR 
gates with fusible link connections for pro- 
gramming I/O polarity and direction. 


All AND gates are linked to 8 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 di- 
rectional control gates (D), ranging from 
18 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(I,B) or Complement (1, B) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. their out- 
put polarity, in turn, is individually pro- 
grammable through a set of EX-OR gates 
for implementing AND/OR or AND/NOR 
logic functions. 


The 82S153A is field programmable, en- 
abling the use to quickly generate custom 
patterns using standard programming 
equipment. 


Order codes are listed in the Ordering In- 
formation Table. 


FUNCTIONAL DIAGRAM 
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82S153A (PLS153A) 


Field Programmable Logic 


Array (18x42x10) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
e Field-Programmable (Ni-Cr links) 


e 8 inputs 

e 42 AND gates 

e 10 OR gates 

e 10 bidirectional I/O lines 

e Active-High or -Low outputs 


e 42 Product Terms: 
— 32 Logic Terms 
— 10 Control Terms 


e 1/O propagation delay: 42ns (max) 
e Input loading: -150LL.A (max) 

e Power dissipation: 650mW (typ.) 
e 3-State outputs 

e TTL compatible 


APPLICATIONS 
e Random logic 


e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e Multiplexing 


759 


PIN CONFIGURATION 


For LLCC pin assignments, see Package Section. 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B°C*D"... 
TYPICAL LOGIC FUNCTION: 


AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY = L 
= PO + PT+ P2+... 
Z=P0° Pi" P2... 
NOTES: 


1. For each of the 10 outputs, either function Z (active- 
high) or Z (active-low) is available, but not both. 


The desired output polarity is programmed via the 
EX-OR gates. 

2. Z, A, B, C etc. are user defined connections to fixed 
inputs (I) and bidirectional pins (B). 
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ORDERING INFORMATION 


DESCRIPTION 


FPLA LOGIC DIAGRAM 


a———————_ (LOGIC TERMS—P) —____——————_-88 m@——— (CONTROL TERMS) ———- 


bl] Cope eee eee he 
Se 
BG es ee 
aE dL 
Lh. lll 


J naEene i 
peep chen pee pppoe 
CO 

Hee etree 
Ce CC 
ma pn Rp 
Ce 
SHUGEEGISEGHCGHGGtSUGGA00 0001040 me 
ae Geese era a canes ; $< 
STE occ 


BOEGMGNSSHONGN SAG BNO 0080005 ml 

em OUeUGb) 6 oma 
Cee eee 

.) 


fe 566 doddd000 b0000bb0 bddd0000 


UY 
HONSESAEUUHNTUETT AT ‘ 
TMI i 
IHRE LA : 


TB00942S 


NOTES: 

1. All programmed ''AND"' gate locations are pulled to logic ''1". 
2. All programmed ''OR'"' gate locations are pulled to logic ''0". 
3: Programmable connection. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER a 


vee 
Ca Co ae 

a 
a 
[Ta | Overating Tempore 
[Tere | Stage TenperareRange SSS 


DC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V< Voc <5.5V 


SYMBOL PARAMETER TEST CONDITIONS LIMITS? UNIT 
| Min | Typ? | Max 


input Voltage 


Vit Voc = 4.5V 0.80 V 
Vin i Voc = 5.5V V 
Vik 4 Voc = 4.5V, |) =-18mA ; —1.2 V 
Output Voltage 


Voc = 4.5V 
Voi Low5 lo. = 12mA 
Vou High® lon = 2mA 
lit Low 
Ing High 


Output current 


Voc = 5.5V 
lO(OFF) Hi-Z state'° Vo = 5.5V 110 LA 


Vo = 0.45V 210 pA 
los Short circuit*: © 7 Vo = OV -85 mA 
loc Voc supply current® Voc = 5.5V 130 165 mA 


Capacitance’? 
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AC ELECTRICAL CHARACTERISTICS -55°C < Ta < +125°C, 4.5V < Voc < 5.5V 


reef ree ee ne eae 
| Min | Typ? | Max 
e fem ate = | [sista 
Output enable Output + Input + 
a 


1. Stresses above those listed under "Absolute Maximum Ratings” may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other conditions above those indicated in the operational and programming specification of 
the device is not implied. 


All typical values are at Voc = 5V, Ta = 25°C. 

All voltage values are with respect to network ground terminal. 
Test one ata time. 

Measured with +10V applied to Iv. 

Measured with +10V applied to Ig _ 7. Output sink current is supplied through a resistor to Vcc. 
Duration of short circuit should not exceed 1 second. 

Icc is measured with lo, ; grounded, lo _7 and Bo —g at 4.5V. 
Measured at V7 = Vo, +0.5V. 

10. Leakage values are a combination of input and output leakage. 
11. Not testable on unprogrammed device. 

12. Guaranteed, but not tested. 


DONAAS Oh 


TEST LOAD CIRCUIT TIMING DIAGRAMS 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


WF05410S 


NOTE: 
Ry ad 470Q, Ro = 1kQ, CL = 50pF. 
2.7V 
NEGATIVE 
mane DEFINITIONS PULSE 


Propagation delay between input 
and output. 


Delay between input change and 


when output is off (hi-Z or High). 


POSITIVE 


Delay between input change and PULSE 


when output reflects specified 


output level. SY 


ov 


WF 14010S 


INPUT PULSE DEFINITIONS 


INPUT PULSE CHARACTERISTICS 
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82S153A 


LOGIC PROGRAMMING 


The FPLA can be programmed by means of 
Logic programming equipment. 


OUTPUT POLARITY - (B) 


LS01950S 


ACTIVE LEVEL | CODE | 


LS01990S 


[state | cove | 
Tiwactive® [0 | 


OR ARRAY - (B) 


LS02010S 


[Py STATUS | CODE 
[_actve | A _ 


NOTES: 


With Logic programming, the AND/OR/EX-OR 
gate input connections necessary to implement 
the desired logic function are coded directly 
from logic equations using the Program Table 
on the following page. 


LS02020S 


[P, STATUS | CODE] 
[inactive | «| 


In this Table the logic state of variables |, P, and 
B associated with each Sum Term Sis assigned 
a symbol which results in the proper fusing pat- 
tern of corresponding link pairs, defined as fol- 
lows: 


P,O 


LS01970S LS01980S 


[stare | cone | 
[owt cane [= 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Pp, Dp. 
2. Any gates P,, Dy, will be unconditionally inhibited if any one of its (|, B) link pairs is left intact. 


VIRGIN STATE 


A factory shipped virgin device contains all fus- 
ible links intact, such that: 


1. All outputs at "H” polarity. 


2. All P,, terms are disabled. 


3. All p, terms are active on all outputs. 


April 8, 1988 


CAUTION: 82S153A TEST 
COLUMNS 


The 82S153A incorporates two columns not 
shown in the logic block diagram. These col- 
umns are used for in-house testing of the de- 
vice in the unprogrammed state. These col- 
umns must be disabled prior to using the 
82S153A in your application. If you are using a 
Signetics approved programmer the disabling 
is accomplished during the device program- 
ming sequence. If these columns are not dis- 
abled, abnormal operation is possible. 
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FPLA PROGRAM TABLE 


POLARITY 


| Gee HOBnEnaaa 


J DATE eno 


CUSTOMER NAME 
SIGNETICS DEVICE # 
PROGRAM TABLE # EN oa 


entries corresponding to states of virgin links exists in the table. 


(Shown BLANK for clarity.) 
2. Unused | and 8 bits in the AND array must be programmed Don't 


1. The FPLA is shipped with all links intact. Thus a background of 


3. Unused product terms can be left blank 


INACTIVE = « 


DIG OR OBE oooh iat pv [rls] efofia}n ds | 


TB00953S 


INACTIVE 
VARIABLE | 
NAME 
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82S153A 


TWX TAPE CODING (LOGIC 


FORMAT) 

The FPLA Program Table can be sent to Signet- 
ics in ASCII code format via airmail using any 
type of 8evel tape (paper, mylar, fanfold, etc.), 


' 

| MAIN 
HEADING 
' 


orvia TWX: justdial (910) 339-9283, tell the op- 
erator to turn the paper puncher on, and ac- 
knowledge. At the end of transmission instruct 
the operator to send tape to Signetics Order 


Entry. 


' 25 
' RUBOUTS | PROGRAM TABLE 
‘ 


DATA (1) 


HEADING 
MIN 


| 


Anumber of Program Tables can be sequential- 
ly assembled on a continuous tape as follows, 
however, limit tape length to a roll of 1.75 inch 
inside diameter and 4.25 outside diameter. 


PROGRAM TABLE 


R bi 
UBOUTS Sarah 


poco wwnea 
eer | 


TBOOS60S 


A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character, whether used 


or not: 


——1. Customer Name 
——2. Customer TWX No. 
—3. Date 


——4, Purchase Order No. 
——5. Number of Program Tables 
——6. Total Number of Parts 


B. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry preceded by a ($) char- 


acter, whether used or not: 


——1. Signetics Device No. 
——2. Program Table No. 
—— 3. Revision 


——4. Date 


—5. Customer Symbolized Part No. 
—6. Number of Parts 


c. Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the data consists of output 
polarity, product term, and output information separated by appropriate identifiers in accordance with the following format. Entries for the data 
fields correspond to those defined in the Logic PROGRAM TABLE: 


START OF DATA TEXT 
(CONTROL A OR B) 


START OF DATA FIELD 


OUTPUT POLARITY 
IDENTIFIER 


OUTPUT POLARITY 
DATA es ee L) 


POL 


START OF DATA FIELD 


OUTPUT IDENTIFIER 


1/O VARIABLE 
DATA (A,°) 


wae ees 1 Be P' loo 


7 START OF DATA FIELD 
PRODUCT TERM IDENTIFIER 
PRODUCT TERM NUMBER 


START OF DATA FIELD 


INPUT IDENTIFIER 


INPUT VARIABLE 
DATA (H, L, —) 


| ly eeeeeeseecseeeee lo * Bi 


START OF DATA FIELD 


INPUT IDENTIFIER 


V/O VARIABLE 
DATA (H, L, —) 


By B, B87 B, B; B, B, Bz B, By 


START OF DATA FIELD 


PRODUCT TERM IDENTIFIER 


CONTROL TERM NUMBER 


INPUT AND I/O VARIABLE FOR 


ALL PRODUCT TERMS USED 


- 180! '6, 8, B,B,B, 8,B,B,8,8,''* P oO 


INPUT IDENTIFIER 


START OF DATA FIELD 


1/O VARIABLE 
DATA (H, L, —) 


INPUT AND I/O VARIABLE FOR 
ALL CONTROL TERMS USED 


BI 'b, B, BB, B, B, B, B, B, By * 
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START OF DATA FIELD 


INPUT IDENTIFIER 


INPUT VARIABLE 
DATA (H, L, —) 


END OF DATA TEXT 
(CONTROL C) 


TB00970S 
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Please refer to the Packaging Information of the Introduction on page 9. 
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PLS168 Field-Programmable Logic Sequencer (12X48x8) ..... COLORS ORT T OC TET TT ee ORC Tee eee Te er re 
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PLUS20L8/PLUS20R8 PAL®-type DOVICSS 4 iat cadacwa ene sewenshee bo 1 ee h 8 N46 19-052 Ee os eee see eg eC Seem vee eeen ne wae 
PLUS405 Field-Programmable Logic Sequencer (16X64XB8) 00. ccc cee erent ee tutte ee ee nn eeennnees 
521 High-Speed Dual Differential Comparator/Sense AMP ......... 00. ee ee eee nent nee 
522 High-Speed Dual Diffential Comparator/Sense Amp .. 0.0.0.0... ce eee eee nee nee n eens 
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555 oe ee ne ree er re ree ee Pee er ee ree ere 
556-1 OS i ee ne ee ee ee eee ee ee ee ee ee ee eee ee eee eee 
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592 NIGEOAMIDINGE 6. 905.06 p00 5-40e 500-444 e ke de nad ee 9 OEE ORG HOE Rea OES CHEK SE eRe EROee Zen 
602 Double-Balanced Mixer and Oscillator 0.0... eee nee ene e eee ene ees 
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SIGNETICS 
HEADQUARTERS 

811 East Arques Avenue 
P.O. Box 3409 

Sunnyvale, CA 94088-3409 
Phone: (408) 991-2000 


ALABAMA 
Huntsville 
Phone: (205) 830-4001 


ARIZONA 
Phoenix 
Phone: (602) 968-5777 


CALIFORNIA 
Calabasas 
Phone: (818) 880-6304 


irvine 
Phone: (714) 833-8980 
(714) 752-2780 


Los Angele 
Phone: (213) 670-1101 


San Dieg 
Phone: "(61 9) 560-0242 


Sunnyvale 
Phone: (408) 991-3737 


COLORADO 
Aurora 
phone! (303) 751-5011 


GEORGIA 
Atlanta 
Phone: (404) 594-1392 


ILLINOIS 
Itasca 
Phone: (312) 250-0050 


ore 
Kokom 
erae: (317) 459-5355 


MASSACHUSETTS 
Westford 
Phone: (508) 692-6211 


MICHIGAN 
Farmington Hills 
Phone: (313) 553-6070 


NEW ahaa 
Parsippan 
Phone: to01) 334- -4405 


NEW Labia 


bis paug 
one: 9516) 348-7877 
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ie | one Falls 
one: (914) 297-4074 


NORTH CAROLINA 
Raleigh 
Phone: (919) 781-1900 


ale 
Colum 
eros “(614) 888-7143 


Dayton 
Phone: (513) 294-7340 


pd pbat 
Beaver 
hab "(603) 627-0110 


PENNSYLVANIA 
Plymouth Meeting 
Phone: (215) 825-4404 


TENNESSEE 
Greeneville 
Phone: (615) 639-0251 


TEXAS 
Austin 
Phone: (512) 339-9944 


Houston 
Phone: (713) 668-1989 


Richardson 
Phone: (214) 644-3500 


CANADA 


SIGNETICS CANADA, LTD. 


Etobicoke, Ontario 
Phone: (416) 626-6676 


Nepean, Ontario 
Phone: (613) 225-5467 


REPRESENTATIVES 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 941-1901 


CALIFORNIA 

Folsom 
Webster Associates 
Phone: (916) 989-0843 


CONNECTICUT 
Fairfield 

NRG, Limited 

Phone: (203) 384-1112 


FLORIDA 

Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


ILLINOIS 

Hoffman Estates 
Micro-Tex, Inc. 
Phone: (312) 382-3001 


INDIANA 

Indianapolis 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


IOWA 
Cedar pan 
J.R. Sal 
Phone: (319) 393-2232 


MARYLAND 
Columbia 


Third Wave Solutions, Inc. 


Phone: (301) 290-5990 


MASSACHUSETTS 

Needham Heights 
Kanan Associates 
Phone: (617) 449-7400 


MINNESOTA 

Eden Prairie 
High Technology Sales 
Phone: (612) 9. 4-7274 


MISSOURI 
Bridgeton 
Centech, Inc. 
Phone: (314) 291-4230 


Raytown 
Centech, Inc. 
Phone: (816) 358-8100 


NEW HAMPSHIRE 
Hookset 
Kanan Associates 
Phone: (603) 645-0209 


NEW MEXICO 
sae phe 
F.P. Sale 
Phone: (505) 345-5553 


NEW YORK 

Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


Rockville Centre 
S-J Associates 
Phone: (516) 536-4242 


aie oy, eg Falls 
Phone: oi4) 597- 6406 


NORTH CAROLINA 
anes 


Phone: (919) 934-8136 
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OHIO 

Centerville 
Bear Marketing, Inc. 
Phone: (513) 436-2061 


Richfield 
Bear Marketing, Inc. 
Phone: (216) 659-3131 


OKLAHOMA 
Tulsa 
Jerry Robison 
and Associates 
Phone: (918) 665-3562 


OREGON 

Beaverton 
Western Technical Sales 
Phone: (503) 644-8860 


PENNSYLVANIA 
Pittsburgh 
Bear Marketing, Inc. 
Phone: (412) 531-2002 


Hatboro 
Delta Technical Sales, Inc. 
Phone: (215) 975-0600 


UTAH 

Salt Lake City 
Electrodyne 
Phone: (801) 264-8050 


WASHINGTON 

Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 


Spokane 
Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 

Micro-Tex, Inc. 

Phone: (414) 542-5352 


CANADA 
Burnaby, B.C. 
Tech-Trek, Ltd. 
Phone: (604) 439-1373 


Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Nepean, Ontario 
ech-Trek, Ltd. 
Phone: (613) 225-5161 


Ville St. Laurent, Quebec 
Tech-Trek, Ltd. 
Phone: (514) 337-7540 


PUERTO RICO 
Santurce 
Mectronics Sales, Inc. 
Phone: (809) 728-3280 
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DISTRIBUTORS 


Contact one of our 

local distributors: 
Anthem Electronics 
Falcon Electronics, Inc. 
Gerber Electronics 
Hamilton/Avnet Electronics 
Marshall Industries 
Schweber Electronics 
Wyle/LEMG 

Zentronics, Ltd. 


FOR SIGNETICS 
PRODUCTS 
WORLDWIDE: 


ARGENTINA 

Philips Argentina S.A. 
Buenos Aires 
Phone: 54-1-541-4261 


AUSTRALIA 


Philips Electronic 

Components & Mat’! Ltd. 
Artarmon, N.S.W. 
Phone: 61-2-439-3322 


AUSTRIA 
i Maa Philips 


ien 
Phone: 43-222-60- 101-820 


BELGIUM 

S.A. MBLE Components 
Brussels 
Phone: 32-2-525-61-11 


BRAZIL 

Philips Do Brasil, Ltda. 
Sao Paulo 
Phone: 55-11-211-2600 


CHILE 

Philips Chilena S.A. 
Santiago 
Phone: 56-02-077-38 16 


CHINA, 

PEOPLES REPUBLIC OF 

Philips Hong Kong, Ltd. 
Kwai Chung, Kowloon 
Phone: 852-0-424-5121 


COLUMBIA 
Iprelenso, Ltda. 
Bogota 


g 
Phone: 57-1-2497624 
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DENMARK 
Philips Components A/S 
Copenhagen S 
Phone: 45-1-54-11-33 


FINLAND 
Oy Philips Ab 


Espoo 
Phone: 358-0-502-61 


FRANCE 

R.T.C. Com 
Issy-les-Moulineaux 
Cedex 
Phone: 33-1-40-93-80-00 

GERMANY 

Valvo 


Hamburg 
Phone: 49-40-3-296-0 


GREECE 

Philips S.A. Hellenique 
Athens 
Phone: 30-1-4894-339 


HONG KONG 

Philips Hong Kong, Ltd. 
Kwai Chung, Kowloon 
Phone: 852-0-424-5121 


INDIA 
Peico Electronics 
& Elect. Ltd. 


Bombay 
Phone: 91-22-493-0311 


INDONESIA 
P.T. Philips-Ralin 
Electronics 
Jakarta Selatan 
Phone: 62-21-517-795 


IRELAND | 

Philips Electrical Ltd. 
Dublin 
Phone: 353- 1-69-33-55 


ISRAEL 
ba op a Electronics, Ltd. 


Phone: "972- 3-477115 


ITALY 
Philips S.p.A. 
Milano 
Phone: 38-2-67-52-1 


JAPAN 

Philips Components Japan 
Osaka-Shi pe 
Phone: 81-6- 389-7722 


Philips Components Japan 
Tok 


yo 
Phone: 81-3-740-5028 


KOREA 
eee DEveMe?, Ltd. 


ou 
Phone: 82-2-794-5011 
/2/3/4/5 


MALAYSIA 
eat le Malaysia SDN 
Bern 

Kuala Lumpur 

Phone: 60-3-734-5511 


MEXICO 

Philips Components 
Guadalajara, Jal 
Phone: 52-36-52-27-70 


Mexico, D.F. 
Phone: 52-721-64-984 


NETHERLANDS 
Philips Nederland 
Eindhoven 
Phone: 31-40-783-749 


NEW ZEALAND 
Philips New Zealand Ltd. 
Auckland 
Phone: 64-9-605-914 


NORWAY 
Norsk A/S Philips 
Oslo 


Phone: 47-2-68-02-00 


PERU 
Cadesa 
San Isidro 
Phone: 51-14-707-080 


PHILIPPINES 

Philips Industrial Dev., Inc. 
Makati Metro Manila 
Phone: 63-2-810-01-61 


PORTUGAL 

Philips Portuguesa SA 
Lisbon 
Phone: 351-1-68-31-21 


SINGAPORE 
Philips Singapore 
Pte., Ltd. 

Singapore 

Phone: 65-350-2000 
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SOUTH AFRICA 

SA Philips (PTY), Ltd. 
Randbur 
Phone: 27-11-889-39 11 


SPAIN 
Copresa S.A. 
rcelona 
Phone: 34-3-30 1-63-12 


SWEDEN 


Philips Components A.B. 


Stockholm 
Phone: 46-8-782-10-00 


SWITZERLAND 


Philips Components A.G. 


Zuerich 
Phone: 41-1-488-2211 


TAIWAN 

Philips Taiwan, Ltd. 
Taipei 

Phone: 886-2-509-7666 


THAILAND 
Philips Electrical Co. 
of Thailand Ltd. 


Bangkok 
Phone: 66-2-223-63309 


TURKEY 
Turk Philips 
Ticaret A.S. 
Istanbul 
Phone: 90-1-179-27-70 


UNITED KINGDOM 
Philips Components 
London 
Phone: 44-1-580-6633 


UNITED STATES 
Signetics 
Sunnyvale, California 
Phone: (408) 991-2000 


URUGUAY 
Luzilectron S.A. 
Montevideo 
Phone: 598-9 1-56-4 1/ 
42/43/44 


VENEZUELA 
soi ec S.A. 


Phone: 58-2-241-7509 
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The following is a list of products whose data sheets are available in the Military Products Handbook, Volume 2. 


SECTION 1: 
ERASABLE PROM PRODUCTS 
Device Device Device 

27C512/BXA-20 27C64/BUA-20 270 256/BXA-20 OT 
27C512/BXA-25 27C64/BUA-25 27C256/BXA-25 OT 
27C256/BXA-—20 27C64/BXA-20 27C256/BXA-30 OT 
27C256/BXA-25 27C64/BXA-25 27C64/BXA-—20 OT 
27C256/BXA-30 27C64/BXA-35 27C64/BXA-25 OT 
27C256/BUA-—20 27HC641—55/BJA 27C64/BXA-35 OT 
27C256/BUA-—25 27HC641—70/BJA 

SECTION 2: 

FAST LOGIC PRODUCTS 


= — = 


54F00/BCA GATE 54F 138/BEA DEMUX 54F 163A/BEA COUNTER 
54F00/BDA GATE 54F 138/BFA DEMUX 54F 163A/BFA COUNTER 
54F00/B2A GATE 54F 138/B2A DEMUX 54F 163A/B2A COUNTER 
54F02/BCA GATE 54F 125/BCA BUFFER 54F 164/B2A S REG 
54F02/BDA GATE 54F125/BDA BUFFER 54F 164/BCA S REG 


54F02/B2A GATE 54F125/B2A BUFFER 54F 164/BDA S REG 

54F04/BCA MUX 54F139/BEA DEMUX 54F 169/BEA COUNTER 
54F04/BDA MUX 54F139/BFA DEMUX 54F 169/BFA COUNTER 
54F04/B2A MUX 54F 139/B2A DEMUX 54F 169/B2A COUNTER 
54F08/BCA GATE 54F14/BCA SCHMITT 54F 173/BEA QUAD FF 


54F08/BDA GATE 54F14/BDA SCHMITT 54F173/BFA QUAD FF 
54F08/B2A GATE 54F 14/B2A SCHMITT 54F 173/B2A QUAD FF 
54F10/BCA GATE 54F 148/BEA ENCODER 54F174/BEA HEX FF 
54F10BDA GATE 54F 148/BFA ENCODER 54F174/BFA HEX FF 


54F10/B2A GATE 54F 148/B2A ENCODER 54F 174/B2A HEX FF 


54F109/BEA DUAL FF 54F151/BEA MUX 54F175/BEA QUAD FF 
54F109/BFA DUAL FF 54F151/BFA MUX 54F175/BFA QUAD FF 
54F109/B2A DUAL FF 54F151B2A MUX 54F 175/B2A QUAD FF 
54F11/BCA GATE 54F 154/BLA DEMUX 54F181/BJA ALU 
54F11/BDA GATE 54F 154/BKA DEMUX 54F181/BLA ALU 


54F11/B2A GATE 54F 154/B3A DEMUX 54F181/BKA ALU 
54F112/BEA DUAL FF 54F157A/BEA MUX 54F181/B3A ALU 
54F112/BFA DUAL FF 54F157A/BFA MUX 54F 190/BEA COUNTER 
54F112/B2A DUAL FF 54F157A/B2A MUX 54F 190/BFA COUNTER 
54F113/BCA DUAL FF 54F 158A/BEA MUX 54F 190/B2A COUNTER 


54F113/BDA DUAL FF 54F 158A/BFA MUX 54F191/BEA COUNTER 
54F113/B2A DUAL FF 54F 158A/B2A MUX 54F191/BFA COUNTER 
54F1240/BRA OCT BUFFER 54F161A/BEA COUNTER 54F191/B2A COUNTER 
54F1240/BSA OCT BUFFER 54F161A/BFA COUNTER 54F 193/BEA COUNTER 
54F1240/B2A OCT BUFFER 54F161A/B2A COUNTER 54F 193/BFA COUNTER 
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FAST LOGIC PRODUCTS (Continued) 


Device Device Device 


54F193/B2A COUNTER 54F30244/B3A OCT BUFFER 54F538/BSA DECODER 


54F194/BEA S REG 54F30245/BKA OCT XCVR 54F538/B2A DECODER 
54F194/BFA S REG 54F30245/BLA OCT XCVR 54F543/BKA OCT XCVR 
54F194/B2A S REG 54F30245/B3A OCT XCVR 54F543/BLA OCT XCVR 
54F198/BKA S REG 54F3037/BEA BUFFER 54F543/B3A OCT XCVR 


54F198/BLA S REG 54F3037/BFA BUFFER 54F544/BKA OCT XCVR 
54F198/B3A S REG 54F3037/B2A BUFFER 54F544/BLA OCT XCVR 
54F20/BCA GATE 54F32/BCA GATE 54F544/B3A OCT XCVR 
54F20/BDA GATE 54F32/BDA GATE 54F573/BRA OCT LATCH 


54F20/B2A 
54F240/BRA 


GATE 
OCT BUFFER 


54F573/BSA 
54F573/B2A 


OCT LATCH 
OCT LATCH 


54F32/B2A 
54F350/BEA 


GATE 
SHIFTER 


54F240/BSA OCT BUFFER 54F350/BFA SHIFTER 54F574/BRA OCT FF 
54F240/B2A OCT BUFFER 54F350B2A SHIFTER 54F574/BSA OCT FF 
54F241/BRA OCT BUFFER 54F367/BEA HEX BUFFER 54F574/B2A OCT FF 
54F241/BSA OCT BUFFER 54F367/BFA HEX BUFFER 54F579/BRA COUNTER 


54F241/B2A OCT BUFFER 54F367/B2A HEX BUFFER 54F579/BSA COUNTER 


54F244/BRA OCT BUFFER 54F37/BCA BUFFER 54F579/B2A COUNTER 
54F244/BSA OCT BUFFER 54F37/BDA BUFFER 54F620/BRA OCT XCVR 
54F244/B2A OCT BUFFER 54F37/B2A BUFFER 54F620/BSA OCT XCVR 
54F245/BRA OCT XCVR 54F373/BRA OCT LATCH 54F620/B2A OCT XCVR 


54F245/BSA OCT XCVR 54F373/BSA OCT LATCH 54F623/BRA XCVR 


54F245/B2A OCT XCVR 54F373/B2A OCT LATCH 54F623/BSA XCVR 
54F251/BEA MUX 54F374/BRA OCT FF 54F623/B2A XCVR 
54F251/BFA MUX 54F374/BSA OCT FF 54F64/BCA GATE 


54F251/B2A 
54F253/BEA 


MUX 
MUX 


54F374/B2A 
54F38/BCA 


OCT FF 
OCT BUFFER 


54F64/BDA 
54F64/B2A 


GATE 
GATE 


54F253/BFA MUX 54F38/BDA OCT BUFFER 54F640/BRA OCT XCVR 
54F253/B2A MUX 54F38/B2A OCT BUFFER 54F640/BSA OCT XCVR 
54F257A/BEA MUX 54F398/BRA REGISTER 54F640/B2A OCT XCVR 
54F257A/BFA MUX 54F398/BSA REGISTER 54F655A/BKA BUFFER 


54F257A/B2A 


MUX 54F398/B2A REGISTER 54F655A/BLA BUFFER 


54F258A/BEA MUX 54F399/BEA REGISTER 54F655A/B3A BUFFER 
54F258A/BFA MUX 54F399/BFA REGISTER 54FE56A/BKA BUFFER 
54F258A/B2A MUX 54F399/B2A REGISTER 54F656A/BLA BUFFER 
54F259/BEA LATCH 54F432/BKA LATCH 54F656A/B3A BUFFER 


54F259/BFA LATCH 54F432/BLA LATCH 54F657/BKA OCT XCVR 


54F259/B2A LATCH 54F432/B3A LATCH 54F657/BLA OCT XCVR 
54F269/BKA COUNTER 54F455/BKA OCT BUFFER 54F657/B3A OCT XCVR 
54F269/BLA COUNTER 54F455/BLA OCT BUFFER 54F676/BKA SHIFT REG 
54F269/B3A COUNTER 54F455/B3A OCT BUFFER 54F676/BLA SHIFT REG 


54F273/BRA OCT FF 54F51/BCA GATE 


54F676/B3A SHIFT REG 


54F273/BSA OCT FF 54F51/BDA GATE 54F74/BCA DUAL FF 
54F273/B2A OCT FF 54F51/B2A GATE 54F74/BDA DUAL FF 
54F280A/BEA PARITY 54F521/BRA OCT COMP 54F74/B2A DUAL FF 
54F280A/BFA PARITY 54F521/BSA OCT COMP 54F776/BXA PI-BUS 


54F280A/B2A 


PARITY 54F521/B2A OCT COMP 54F776/BYA PI-BUS 


54F299/BRA S REG 54F534/BRA OCT FF 54F776/B3A PI-BUS 
54F299/BSA S REG 54F534/BSA OCT FF 54F779/BEA COUNTER 
54F299/B2A S REG 54F534/B2A OCT FF 54F779/BFA COUNTER 
54F30244/BKA OCT BUFFER 54F538/BRA DECODER 54F779B2A COUNTER 
54F30244/BLA OCT BUFFER 
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SECTION 3: 
LOW POWER SCHOTTKY LOGIC PRODUCTS 


Device Device Device 


54LS00/BCA 
54LS00/BDA 
54LS00/B2A 
54LS02/BCA 
54LS02/BDA 


54LS02/B2A 
54LS04/BCA 
54LS04/BDA 
54LS04/B2A 
54LS08/BCA 


54LS08/BDA 
54LS08/B2A 
54LS10/BCA 
54LS10/BDA 
54LS10/B2A 


54LS109/BEA 
54LS109/BFA 
54LS109/B2A 
54LS112/SEA 
54LS112/SFA 


54LS125/BCA 
54LS125/BDA 
54LS125/B2A 
54LS132/BCA 
54LS132/BDA 


54LS138/BEA 
54LS138/BFA 
54LS138/B2A 
54LS14/BCA 
54LS14/BDA 


54LS14/B2A 

54LS153/BFA 
54LS153/SEA 
54LS154/BJA 
54LS154/BKA 


54LS161A/BEA 


54LS161A/BFA 
54LS161A/B2A 


54LS163A/BEA 


54LS163A/BFA 


54LS163A/B2A 
54LS164/BCA 
54LS164/BDA 
54LS164/B2A 
54LS173/BEA 
54LS173/BFA 
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GATE 
GATE 
GATE 
GATE 
GATE 


GATE 
INVTR 
INVTR 
INVTR 
GATE 


GATE 
GATE 
GATE 
GATE 
GATE 


DUAL FF 
DUAL FF 
DUAL FF 
DUAL FF 
DUAL FF 


QUAD BUF 
QUAD BUF 
QUAD BUF 
SCHMITT 
SCHMITT 


DEMUX 

DEMUX 

DEMUX 
SCHMITT 
SCHMITT 


SCHMITT 
MUX 
MUX 

DEMUX 
DEMUX 


COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 


COUNTER 
S REG 
S REG 
S REG 

QUAD FF 

QUAD FF 


54LS173/B2A 
54LS174/BEA 
54LS174/BFA 
54LS174/B2A 
54LS175/BEA 


54LS175/BFA 
54LS175/B2A 
54LS191/BEA 
54LS191/BFA 
54LS191B2A 


54LS193/BEA 
54LS193/BFA 
54LS193/B2A 
54LS195A/BEA 
54LS195A/BFA 


54LS195A/B2A 
54LS197/BCA 
54LS197/BDA 
54LS197/B2A 
54LS20/BCA 


54LS20/BDA 
54LS20/B2A 
54LS240/BRA 
54LS240/BSA 
54LS240/B2A 


54LS241/BRA 
54LS241/BSA 
54LS241/B2A 
54LS244/BRA 
54LS244/BSA 


54LS244/B2A 
54LS245/BRA 
54LS245/BSA 
54LS245/B2A 
54LS257A/BEA 


54LS257A/BFA 
54LS257A/B2A 
54LS258A/BEA 
54LS258A/BFA 
54LS258A/B2A 


54LS26/SCA 
54LS26/SDA 
54LS273/BRA 
54LS273/BSA 
54LS273/B2A 
54LS295B/BCA 
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QUAD FF 
HEX FF 
HEX FF 
HEX FF 

QUAD FF 


QUAD FF 
QUAD FF 
COUNTER 
COUNTER 
COUNTER 


COUNTER 

COUNTER 

COUNTER 
S REG 
S REG 


S REG 
COUNTER 
COUNTER 
COUNTER 

GATE 


GATE 
GATE 
OCT BUFF 
OCT BUFF 
OCT BUFF 


OCT BUFF 
OCT BUFF 
OCT BUFF 
OCT BUFF 
OCT BUFF 


OCT BUFF 
XCVR 
XCVR 
XCVR 

MUX 


MUX 
MUX 
MUX 
MUX 
MUX 


GATE 
GATE 
OCT FF 
OCT FF 
OCT FF 
S REG 


54LS295B/BDA 
54LS295B/B2A 
54LS32/BCA 
54LS32/BDA 
54LS32/B2A 


54LS365A/BEA 
54LS365A/BFA 
54LS365A/B2A 
54LS367A/BEA 
54LS367A/BFA 


54LS367A/B2A 
54LS368A/BEA 
54LS368A/BFA 
54LS368A/B2A 
54LS37/SCA 


54LS37/SDA 

54LS373/BRA 
54LS373/BSA 
54LS373/B2A 
54LS374/BRA 


54LS374/BSA 
54LS374/B2A 
54LS377/BRA 
54LS377/BSA 
54LS377/B2A 


54LS393/BCA 
54LS393/BDA 
54LS393/B2A 
54LS395A/BEA 
54LS395A/BFA 


54LS395A/B2A 
54LS74A/BCA 
54LS74A/BDA 
54LS74A/B2A 
54LS75/BEA 


54LS75/BFA 
54LS75/B2A 
54LS85/BEA 
54LS85/BFA 
54LS85/B2A 


54LS86/BCA 
54LS86/BDA 
54LS86/B2A 
54LS95B/BCA 
54LS95B/BDA 


S REG 
S REG 
GATE 
GATE 
GATE 


HEX BUF 
HEX BUF 
HEX BUF 
HEX BUF 
HEX BUF 


HEX BUF 
INVTR 
INVTR 
INVTR 

BUFFER 


BUFFER 
OCT LATCH 
OCT LATCH 
OCT LATCH 

OCT FF 


OCT FF 
OCT FF 
OCT FF 
OCT FF 
OCT FF 


COUNTER 
COUNTER 
COUTNER 
S REG 
S REG 


S REG 
DUAL FF 
DUAL FF 
DUAL FF 

QUAD LTCH 


QUAD LTCH 
QUAD LTCH 
COMP 
COMP 
COMP 


GATE 
GATE 
GATE 

S REG 

S REG 
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SECTION 4. 


SCHOTTKY LOGIC PRODUCTS 


Device 


54S00/BCA 
54S00/BDA 
54S00/B2A 
54S02/BCA 
54S02/BDA 


54S02/B2A 
54S04/BCA 
54S04/BDA 
54S04/B2A 
54S08/BCA 


54S08/B2A 
54S08/B2A 
54S10/BCA 
54S10/BDA 


GATE 
GATE 
GATE 
GATE 
GATE 


GATE 
INVTR 
INVTR 
INVTR 
GATE 


GATE 
GATE 
GATE 
GATE 


54S151/BEA 
54S151/BFA 
54S151/B2A 
54S153/BEA 
54S153/BFA 


54S153/B2A 
54S157/BEA 
54S157/BFA 
54S157/B2A 
54S158/BEA 


54S158/BFA 
54S158/B2A 
54S174/BEA 
54S174/BFA 


Device 


Description 


MUX 
MUX 
MUX 
MUX 
MUX 


MUX 
MUX 
MUX 
MUX 
MUX 


MUX 
MUX 
HEX FF 
HEX FF 


Part Number 


54S251/BFA 
54S251/B2A 
54S253/BEA 
54S253/BFA 
54S253/B2A 


54S273/BRA 
54S273/BSA 
54S273/B2A 
54S373/BEA 
54S373/BSA 


54S373/B2A 
54S374/BRA 
54S374/BSA 
54S374/B2A 


Device 
Description 


MUX 
MUX . 
MUX 
MUX 
MUX 


OCT FF 

OCT FF 

OUT FF 
OCT LATCH 
OCT LATCH 


OCT LATCH 
OCT FF 
OCT FF 
OCT FF 


54S10/B2A GATE 54S174/B2A HEX FF 54S40/BCA 


54S11/BCA GATE 54S181/BJA ALU 54S40/BDA DUAL BUFF 
54S11/BDA GATE 54S181/B3A ALU 54S40/B2A DUAL BUFF 
54S11/B2A GATE 54S20/BCA GATE 54S51/BCA GATE 
54S113/BCA DUAL FF 54S20/BDA GATE 54S51/BDA GATE 
54S113/BDA DUAL FF 54S20/B2A GATE 54S51/B2A GATE 


54S113/B2A DUAL FF 54S240/BRA OCT BUFF 54S74/BCA DUAL FF 
54S133/BEA GATE 54S240/BSA OCT BUFF 54S74/BDA DUAL FF 
54S133/BFA GATE 54S240/B2A OCT BUFF 54S74/B2A DUAL FF 
54S133/B2A GATE 54S241/BRA OCT BUFF 54S85/BEA COMP 
54S138/BEA DEMUX 54S241/BSA OCT BUFF 54S85/BFA COMP 


54S138/.BFA DEMUX 54S241/B2A OCT BUFF 54S85/B2A COMP 
54S138/B2A DEMUX 54S244/BRA OCT BUFF 54S86/BCA COMP 
54S140/BCA DRIVER 54S244/BSA OCT BUFF 54S86/B2A COMP 
54S140/BDA DRIVER 54S244/B2A OCT BUFF 54S86/BDA GATE 
54S140/B2A DRIVER 54S251/BEA MUX 8T26A/BEA XCVR 


DUAL BUFF 


SECTION 5: 
GOLD DOPED LOGIC PRODUCTS 


Device Device Device 


5400/BCA GATE 54164/BCA S REG 54365A/BEA HEX BUFF 


5400/BDA GATE 54174/BEA HEX FF 53367A/BEA HEX BUFF 
5404/BCA INVTR 54174/BFA HEX FF 54368A/BEA INVTR 
5404/BDA INVTR 54175/BEA QUAD FF 5485/BEA COMP 
54123/BEA MVBTR 54175/BFA QUAD FF 5485/BFA COMP 


54126/BCA 


QUAD BUFF 54193/BEA COUNTER 5493/BCA COUNTER 


54161/BEA COUNTER 54194/BEA S REG 5493/BDA COUNTER 
54161/BFA COUNTER 54194/BFA S REG 8T09/BCA DRIVER 
54163/BEA COUNTER 5432/BCA GATE 8T09/BDA DRIVER 


54163/BFA COUNTER 5432/BDA GATE 
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SECTION 6: 
BIPOLAR PROM PRODUCTS 


Part Number 


82HS187/BLA 
82HS187/B3X 
82HS187A/BLA 
82HS187A/B3A 
82HS189/BLA 


82HS189/B3A 
82HS189A/BLA 
82HS189A/B3A 
82HS191/BJA 
82HS191/B3A 


82HS195A/BRA 
82HS321A/BJA 
82HS321A/BJA 
82HS321A/BJA 
82HS321A/BJA 


82HS321A/BKA 
82HS321A/BKA 
82HS321A/BKA 
82HS321A/B3A 
82HS321A/B3A 


82HS321A/B3A 
82HS321A/B3A 
82HS321B/BLA 
82HS321B/BJA 
82HS321B/BKA 


82HS321B/B3A 
82HS641/BJA 
82HS641/BJA 
82HS641/BJA 
82HS641/BJA 


82HS641/BJA 

82HS641A/B3A 
82HS641A/B3A 
82HS641A/B3A 
82HS641A/B3A 


Device 


8K REG 
8K REG 
8K REG 
8K REG 
8K REG 


8K REG 

8K REG 

8K REG 
2KX8 
2KX8 


4KX4 
4KX8—45 
4KX8—55 
4KX8-85 
4KX8-95 


4KX8—45 
4KX8—55 
4KX8-95 
4KX8—45 
4KX8—55 


4KX8-85 
4KX8-95 
4KX8-35 
4KX8-35 
4KX8—35 


4KX8-—35 
8KX8—100 
8KX8-—100 
8KX8—50 
8KX8—55 


8KX8—70 
8KX8—45 
8KX8—50 
8KX8-55 
8KX8—70 


| pecetpten | PatNumber | pecerptin 


Description 


82HS641A/B3A 
82HS641B/BJA 
82HS641B/B3A 
82LS181/BJA 
82LS181/B3A 


82LS181A/BJA 
82LS181A/B3A 
82LS181B/BJA 
82S115/BJA 
82S115/BKA 


82S123/BEA 
82S123/BFA 
82S123A/BEA 
82S123A/BFA 
82S123B/BEA 


82S123B/BFA 
82S126/BEA 
82S126/BFA 
82S126A/BEA 
82S126A/BFA 


82S129/BEA 
82S129/BFA 
82S129A/BEA 
82S129A/BFA 
82S130/BEA 


82S130/BFA 
82S130A/BEA 
82S130A/BFA 
82S131/BEA 
82S131/BFA 


82S131A/BEA 
82S131A/BFA 
82S137/BVA 
82S137/BYA 
82S137A/BVA 


Part Number 


82S137A/BYA 
82S141/BJA 
82S141/BKA 
82S147/BRA 
82S147A/BRA 


82S147B/BRA 
82S181/BJA 
82S181/BKA 
82S181/B3A 
82S181A/BJA 


82S181A/BKA 
82S181A/B3A 
82S185/BVA 
82S185/BYA 
82S185A/BVA 


82S185A/BYA 
82S191/BJA 
82S191/BKA 
82S191/BLA 
82S191/B3A 


82S191A/BJA 
82S191A/BKA 
82S191A/BLA 
82S191A/B3A 
82S23/BEA 


82S23/BFA 

82S23A/BEA 
82S23A/BFA 
82S23B/BEA 
82S23B/BFA 


82S2708/BJA 
82S291A/BLA 
82US123/BEA 
82US23/BEA 


SECTION 7: 
RANDOM ACCESS MEMORY PRODUCTS 


Device Device Device 


54S189/BEA 82S09/BXA 82S16/BFA 


54S189/BFA 82S09/BYA 82S212/BWA 
8X350/BWA 82S16/BEA 82S212/BWA-40 
8X350/B3A 
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